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■  Ityft,  ADVERTISEMENT. 

I  V.  t  _ 


In  the  Tenth  Edition  of  this  work  a  Con¬ 
versation  was  added  on  the  Steam-engine, 
a  machine  which  contributes  so  abundantly 
to  the  wealth,  power,  and  happiness  of  this 
country,  that  the  Author  considered  it  as 
deserving  of  particular  attention. 

In  the  Eleventh  Edition,  Chlorine  has 
been  substituted  in  the  place  of  oxy- 
muriatic  acid ;  the  theory  of  the  latter 
being  considered  as  erroneous,  and  that  of 
the  former  fully  established. 

In  the  Twelfth  Edition,  the  Conversation 
on  Electro-Chemistry  has  undergone  con¬ 
siderable  alterations ;  and  the  Thirteenth 
and  Fourteenth  Editions  have  been  revised 
throughout. 

in  the  present  Edition  the  Author  has 
attempted  to  give  a  sketch  of  the  principal 
discoveries  which  have  recently  been  made 
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in  Chemistry  ;  and  wishing  that  her  pupils 
should  obtain  some  knowledge  of  the  pro¬ 
gress  which  has  taken  place  in  Agriculture, 
resulting  from  its  connection  with  Che¬ 
mistry,  she  has  found  it  necessary  to  add 
a  Conversation  ( the  22nd)  upon  this 
subject. 


PREFACE. 


In  venturing  to  offer  to  the  public,  and 
more  particularly  to  the  female  sex,  an 
Introduction  to  Chemistry,  the  Author 
conceives  that  some  explanation  may  be 
required ;  and  she  feels  it  the  more  neces¬ 
sary  to  apologise  for  the  present  under¬ 
taking,  as  her  knowledge  of  the  subject  is 
but  recent,  and  as  she  can  have  no  real 
claims  to  the  title  of  chemist. 

On  attending,  for  the  first  time,  experi¬ 
mental  lectures,  the  Author  found  it  almost 
impossible  to  derive  any  clear  or  satisfac¬ 
tory  information  from  the  rapid  demon¬ 
strations  which  are  usually,  and  perhaps 
necessarily,  crowded  into  popular  courses 
of  this  kind.  But  frequent  opportunities 

having  afterwards  occurred  of  conversing 
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with  a  friend  on  the  subject  of  chemistry, 
and  of  repeating  a  variety  of  experiments, 
she  became  better  acquainted  with  the 
principles  of  that  science,  and  began  to 
feel  highly  interested  in  its  pursuit.  It  was 
then  that  she  perceived,  in  attending  the 
excellent  lectures  delivered  at  the  Royal 
Institution  by  Sir  Humphry  Davy,  the 
great  advantage  which  her  previous  know¬ 
ledge  of  the  subject,  slight  as  it  was,  gave 
her  over  others  who  had  not  enjoyed  the 
same  means  of  private  instruction.  Every 
fact  or  experiment  attracted  her  attention, 
and  served  to  explain  some  theory  to 
which  she  was  not  a  total  stranger ;  and  she 
had  the  gratification  to  find  that  the  nu¬ 
merous  and  elegant  illustrations,  for  which 
that  school  is  so  much  distinguished,  seldom 
failed  to  produce  on  her  mind  the  effect  for 
which  they  were  intended. 

Hence  it  was  natural  to  infer,  that  fami¬ 
liar  conversation  was,  in  studies  of  this  kind, 
a  most  useful  auxiliary  source  of  inform¬ 
ation  ;  and  more  especially  to  the  female 
sex,  whose  education  is  seldom  calculated 
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to  prepare  their  minds  for  abstract  ideas, 
or  scientific  language. 

As,  however,  there  are  but  few  women 
who  have  access  to  this  mode  of  instruction, 
and  as  the  Author  was  not  acquainted  with 
any  book  that  could  prove  a  substitute  for 
it,  she  thought  that  it  might  be  useful  for 
beginners,  as  well  as  satisfactory  to  herself, 
to  trace  the  steps  by  which  she  had  acquired 
her  little  stock  of  chemical  knowledge,  and 
to  record,  in  the  form  of  dialogue,  those 
ideas  which  she  had  first  derived  from 
conversation. 

But  to  do  this  with  sufficient  method, 
and  to  fix  upon  a  mode  of  arrangement, 
was  an  object  of  some  difficulty.  After 
much  hesitation,  and  a  degree  of  embarrass¬ 
ment,  which,  probably,  the  most  competent 
chemical  writers  have  often  felt  in  common 
with  the  most  superficial,  a  mode  of  divi¬ 
sion  was  adopted,  which,  though  the  most 
natural,  does  not  always  admit  of  being 
strictly  pursued — it  is  that  of  treating  first 
of  the  simplest  bodies,  and  then  gradually 
rising  to  the  most  intricate  compounds. 
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It  is  not  the  Author’s  intention  to  enter 
into  a  minute  vindication  of  this  plan.  But 
whatever  may  be  its  advantages  or  incon¬ 
veniences,  the  method  adopted  in  this  work 
is  such,  that  a  young  pupil,  who  should 
only  recur  to  it  occasionally  with  a  view  to 
procure  information  on  particular  subjects, 
might  often  find  it  obscure  or  unsatisfactory; 
for  its  various  parts  are  so  connected  with 
each  other  as  to  form  an  uninterrupted  chain 
of  facts  and  reasonings,  which  will  appear 
sufficiently  clear  and  consistent  to  those 
only  who  may  have  patience  to  go  through 
the  whole  work,  or  have  previously  devoted 
some  attention  to  the  subject. 

It  will,  no  doubt,  be  observed,  that  in 
the  course  of  these  Conversations  remarks 
are  often  introduced  which  appear  much 
too  acute  for  the  young  pupils  by  whom 
they  are  supposed  to  be  made.  Of  this 
fault  the  Author  is  fully  aware.  But,  in 
order  to  avoid  it,  it  would  have  been  ne¬ 
cessary  either  to  omit  a  variety  of  useful 
illustrations,  or  to  submit  to  such  minute 
explanations  and  frequent  repetitions  as 
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would  have  rendered  the  work  tedious, 
and  therefore  less  suited  to  its  intended 
purpose. 

In  writing  these  pages,  the  Author  was 
more  than  once  checked  in  her  progress 
by  the  apprehension  that  such  an  attempt 
might  be  considered  by  some,  either  as 
unsuited  to  the  ordinary  pursuits  of  her  sex, 
or  ill-justified  by  her  own  imperfect  know¬ 
ledge  of  the  subject.  But,  on  the  one  hand, 
she  felt  encouraged  by  the  establishment 
of  those  public  institutions,  open  to  both 
sexes,  for  the  dissemination  of  philosophical 
knowledge,  which  clearly  prove  that  the 
general  opinion  no  longer  excludes  women 
from  an  acquaintance  with  the  elements  of 
science  ;  and,  on  the  other,  she  flattered 
herself  that  whilst  the  impressions  made 
upon  her  mind  by  the  wonders  of  Nature, 
studied  in  this  new  point  of  view,  were  still 
fresh  and  strong,  she  might,  perhaps,  suc¬ 
ceed  the  better  in  communicating  to  others 
the  sentiments  she  herself  experienced. 

The  reader  will  perceive,  in  perusing  this 
work,  that  he  is  supposed  to  have  previously 
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acquired  some  slight  knowledge  of  natural 
philosophy,  a  circumstance  so  desirable, 
that  the  Author  has,  since  the  original  pub¬ 
lication  of  this  book,  been  induced  to  offer 
the  public  a  small  work,  entitled  “  Con¬ 
versations  on  Natural  Philosophy,”  in  which 
the  most  essential  rudiments  of  that  science 
are  familiarly  explained. 
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CONVERSATION  I. 

ON  THE  GENERAL  PRINCIPLES  OF  CHEMISTRY. 


MRS.  B. 

As  you  have  now  acquired  some  elementary 
notions  of  Natural  Philosophy,  I  am  going  to 
propose  to  you  another  branch  of  science  to  which 
I  am  particularly  anxious  that  you  should  devote 
a  share  of  your  attention.  This  is  Chemistry, 
which  is  so  closely  connected  with  Natural  Phi¬ 
losophy,  that  the  study  of  the  one  must  be  incom¬ 
plete  without  some  knowledge  of  the  other ;  for 
it  is  obvious  that  we  can  derive  but  a  very  im¬ 
perfect  idea  of  bodies  from  the  study  of  the 
general  laws  by  which  they  are  governed,  if  we 
remain  totally  ignorant  of  their  intimate  nature. 

CAROLINE. 

To  confess  the  truth,  Mrs.  B.,  I  am  not  disposed 
to  form  a  very  favourable  idea  of  chemistry,  nor 
do  I  expect  to  derive  much  entertainment  from  it. 

YOL.  I.  B 
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I  prefer  sciences  which  exhibit  nature  on  a  grand 
scale,  to  those  that  are  confined  to  the  minutiae  of 
petty  details.  Can  the  studies  which  we  have 
lately  pursued,  the  general  properties  of  matter,  or 
the  revolutions  of  the  heavenly  bodies,  be  com¬ 
pared  to  the  mixing  up  of  a  few  insignificant  drugs? 
I  grant,  however,  there  may  be  entertaining  ex¬ 
periments  in  chemistry,  and  should  not  dislike  to 
try  some  of  them ;  the  distilling,  for  instance,  of 
lavender,  or  rose-water. 

MRS.  B. 

I  rather  imagine,  my  dear  Caroline,  that  your 
want  of  taste  for  chemistry  proceeds  from  the  very 
limited  idea  you  entertain  of  its  object.  You 
confine  the  chemist’s  laboratory  to  the  narrow 
precincts  of  the  apothecary’s  and  perfumer’s  shops, 
whilst  it  is  subservient  to  an  immense  variety  of 
higher  and  more  useful  purposes.  Besides,  my 
dear,  chemistry  is  by  no  means  confined  to  works 
of  art.  Nature  also  has  her  laboratory,  which  is 
the  universe,  and  there  she  is  incessantly  employed 
in  chemical  operations.  You  are  surprised,  Caro¬ 
line  ;  but  I  assure  you  that  the  most  wonderful 
and  the  most  interesting  phenomena  of  nature  are 
almost  all  of  them  produced  by  chemical  powers. 
What  Bergman,  in  the  introduction  to  his  History 
of  Chemistry,  has  said  of  this  science,  will  give  you 
a  more  just  and  enlarged  idea  of  it.  He  observes, 
that  the  knowledge  of  nature  may  be  divided  into 
three  periods.  The  first  is  that  in  which  the  at- 
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tention  of  men  is  occupied  in  learning  the  exter¬ 
nal  forms  and  characters  of  objects :  this  is  called 
Natural  History.  In  the  second,  they  consider  the 
effects  of  bodies  acting  on  each  other  by  their  me¬ 
chanical  power,  as  their  weight  and  motion ;  which 
constitutes  the  science  of  Natural  Philosophy.  The 
third  period  is  that  in  which  the  properties  and 
mutual  action  of  the  elementary  parts  of  bodies  are 
investigated:  this  last  is  the  science  of  Chemistry, 
and  I  doubt  not  you  will  soon  agree  with  me  in 
thinking  it  the  most  interesting. 

CAROLINE. 

Chemical  action  and  properties  of  the  elements 
of  bodies  !  Oh,  Mrs.  B.,  that  sounds  alarmingly 
difficult. 

MRS.  B. 

Without  entering;  into  the  minute  details  of 
practical  chemistry,  or  penetrating  into  the  pro¬ 
found  depths  of  the  science,  a  woman  may  obtain 
such  a  knowledge  of  chemistry  as  will  not  only 
throw  an  interest  on  the  common  occurrences  of 
life,  but  will  enlarge  the  sphere  of  her  ideas,  and 
render  the  contemplation  of  nature  a  source  of 
delightful  instruction. 

CAROLINE. 

If  this  is  the  case,  I  have  certainly  been  much 
mistaken  in  the  notion  I  had  formed  of  Chemistry. 
I  own  that  I  thought  it  was  chiefly  confined  to  the 
knowledge  and  preparation  of  medicines. 
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MRS.  B. 

That  is  only  a  branch  of  chemistry,  which  is 
called  Pharmacy ;  and,  though  the  study  of  it  is, 
no  doubt,  of  great  importance  to  the  world  at 
large,  it  belongs  exclusively  to  professional  men, 
and  is,  therefore,  the  last  that  I  should  advise  you 
to  pursue. 

EMILY. 

Did  not  the  chemists  formerly  employ  them¬ 
selves  in  search  of  the  philosopher’s  stone,  or  the 
secret  of  making  gold  ? 

MRS.  B. 

These  were  a  particular  set  of  misguided  philo¬ 
sophers,  who  dignified  themselves  with  the  name 
of  Alchemists,  to  distinguish  their  pursuits  from 
those  of  the  common  chemists,  whose  studies  were 
confined  to  the  knowledge  of  medicines. 

But,  since  that  period,  chemistry  has  undergone 
so  complete  a  revolution,  that,  from  an  obscure  and 
mysterious  art,  it  is  now  become  a  regular  and 
beautiful  science,  to  which  art  is  entirely  subser¬ 
vient.  It  is  time,  however,  that  we  are  indebted 
to  the  alchemists  for  many  very  useful  discoveries, 
which  sprung  from  their  fruitless  attempts  to  make 
gold,  and  which,  undoubtedly,  have  proved  of  in¬ 
finitely  greater  advantage  to  mankind  than  could 
have  resulted  from  succeeding  in  their  chimerical 
pursuits. 

The  modern  chemists,  instead  of  directing  their 
ambition  to  the  vain  attempt  of  producing  any  of 
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the  original  substances  in  nature,  rather  aim  at 
analysing  and  imitating  her  combinations,  and 
have  sometimes  succeeded  in  forming  compounds, 
or  effecting  decompositions,  no  instances  of  which 
occur  in  the  chemistry  of  Nature.  They  have,  in¬ 
deed,  little  reason  to  regret  their  inability  to  make 
gold,  whilst  their  innumerable  inventions  and  dis¬ 
coveries  have  so  greatly  stimulated  industry,  and 
facilitated  labour,  as  prodigiously  to  increase  the 
luxuries  as  well  as  the  necessaries  of  life. 

EMILY. 

But  I  do  not  understand  bv  what  means  che- 
mistry  can  facilitate  labour :  is  not  that  rather  the 
province  of  the  mechanic  ? 

MRS.  B. 

There  are  many  ways  by  which  labour  may  be 
rendered  more  easy,  independently  of  mechanics ; 
but  mechanical  inventions  themselves  often  derive 
their  utility  from  a  chemical  principle.  Such,  for 
instance,  as  that  most  wonderful  of  all  machines, 
the  Steam-Engine.  In  agriculture,  a  chemical 
knowledge  of  the  nature  of  soils,  and  of  vegetation, 
is  now  becoming  highly  useful ;  and  in  those  arts 
which  relate  to  the  comforts  and  conveniences  of 
life,  it  would  be  endless  to  enumerate  the  advan¬ 
tages  which  result  from  the  study  of  this  science. 

CAROLINE. 

But  pray  tell  us  more  precisely  in  what  manner 
the  discoveries  of  chemists  have  proved  so  bene  ¬ 
ficial  to  society. 
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MRS.  B. 

That  would  be  an  injudicious  anticipation ;  for 
you  would  not  comprehend  the  nature  of  such  dis¬ 
coveries  and  useful  applications,  so  well  as  you  will 
do  hereafter.  Without  a  due  regard  to  method, 
we  cannot  expect  to  make  any  progress  in  science. 
I  wish  to  direct  your  observations  chiefly  to 
the  chemical  operations  of  Nature ;  but  those  of 
Art  are  certainly  of  too  high  importance  to  pass 
wholly  unnoticed ;  we  shall  therefore  allow  them 
also  some  share  of  our  attention. 

EMILY. 

Well,  then,  let  us  now  set  to  work  regularly. 
I  am  very  anxious  to  begin. 

MRS.  B. 

The  object  of  chemistry  is  to  obtain  a  knowledge 
of  the  intimate  nature  of  bodies,  and  of  their  mutual 
action  on  each  other.  You  find,  therefore,  Caroline, 
that  this  is  no  narrow  or  confined  science,  which 
comprehends  every  thing  material  within  our 
sphere. 

CAROLINE. 

On  the  contrary,  it  must  be  inexhaustible ;  and  I 
am  at  a  loss  to  conceive  how  any  proficiency  can  be 
made  in  a  science  whose  objects  are  so  numerous. 

MRS.  B. 

If  every  individual  substance  were  formed  of 
different  materials,  the  study  of  chemistry  would, 
indeed,  be  endless ;  but  you  must  observe  that  the 


OF  CHEMISTRY. 


7 


various  bodies  in  nature  are  composed  of  certain 
elementary  principles  which  are  not  very  numerous. 

CAROLINE. 

Yes ;  I  know  that  all  bodies  are  composed  of  fire, 
air,  earth,  and  water :  I  learnt  that  many  years  ago. 

MRS.  B. 

But  you  must  now  endeavour  to  forget  it.  I 
have  already  informed  you  what  a  great  change 
chemistry  has  undergone  since  it  has  become  a  re¬ 
gular  science.  Within  these  fifty  years  especially, 
it  has  experienced  an  entire  revolution,  and  it  is 
now  proved,  that  neither  air,  earth,  nor  water,  can 
be  called  elementary  bodies.  For  an  elementary 
body  is  one  that  has  never  been  decomposed, 
that  is  to  say,  separated  into  other  substances :  and 
air,  earth,  and  water,  are  all  of  them  susceptible 
of  decomposition. 

EMILY. 

I  thought  that  decomposing  a  body  was  dividing 
it  into  its  minutest  parts.  And  if  so,  I  do  not  un¬ 
derstand  why  an  elementary  substance  is  not  capable 
of  being  decomposed,  as  well  as  any  other. 

MRS.  B.  y 

You  have  misconceived  the  idea  of  decomposition , 
it  is  very  different  from  mere  division.  The  latter 
simply  reduces  a  body  into  parts,  but  the  former 
separates  it  into  the  various  ingredients,  or  mate¬ 
rials,  of  which  it  is  composed.  If  we  were  to  take 
a  loaf  of  bread,  and  separate  the  several  ingredients 
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of  which  it  is  made,  the  flour,  the  yeast,  the  salt, 
and  the  water,  it  would  be  very  different  from 
cutting  or  crumbling  the  loaf  into  pieces. 

EMILY. 

I  understand  you  now  very  well.  To  decom¬ 
pose  a  body  is  to  separate  from  each  other  the  va¬ 
rious  elementary  substances  of  which  it  consists. 

CAEOLINE. 

But  flour,  water,  and  other  materials  of  bread, 
according  to  your  definition,  are  not  elementary 
substances. 

MES.  B. 

No,  my  dear;  I  mentioned  bread,  rather  as  a 
familiar  comparison,  to  illustrate  the  idea,  than  as 
an  example. 

The  elementary  substances  of  which  a  body  is 
composed  are  called  the  constituent  parts  of  that 
body ;  in  decomposing  it,  therefore,  we  separate  its 
constituent  parts.  If,  on  the  contrary,  we  divide 
a  body  by  cutting  it  to  pieces,  or  even  by  grind¬ 
ing  or  pounding  it  to  the  finest  powder,  each  of 
these  small  particles  will  still  consist  of  a  portion 
of  the  several  constituent  parts  of  the  whole  body ; 
these  are  called  the  integrant  parts.  Do  you  un¬ 
derstand  the  difference  ? 

EMILY. 

Yes,  I  think,  perfectly.  We  decompose  a  body 
into  its  constituent  parts ;  and  divide  it  into  its  in¬ 
tegrant  parts. 
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MRS.  B. 

Exactly  so.  If,  therefore,  a  body  consist  of  only 
one  kind  of  substance,  though  it  may  be  divided 
into  its  integrant  parts,  it  is  not  possible  to  de¬ 
compose  it.  Such  bodies  are  therefore  called  simple 
or  elementary ,  as  they  are  the  elements  of  which 
all  other  bodies  are  composed.  Compound  bodies 
are  such  as  consist  of  more  than  one  of  these 
elementary  principles. 

CAROLINE. 

But  do  not  fire,  air,  earth,  and  water,  consist, 
each  of  them,  but  of  one  kind  of  substance  ? 

MRS.  B. 

No,  my  dear;  they  are  every  one  of  them  sus¬ 
ceptible  of  being  separated  into  various  simple 
bodies.  Instead  of  four,  chemists  now  reckon  no 
less  than  fifty-eight  elementary  substances.  The 
existence  of  most  of  these  is  established  by  the 
clearest  experiments ;  but  in  regard  to  a  few  of 
them,  particularly  the  most  subtle  agents  of  nature, 
heat ,  light,  and  electricity,  there  is  yet  much  un¬ 
certainty,  and  the  general  opinion  of  philosophers 
now  is,  that  these  imponderable  agents  have  no 
claim  to  materiality;  but  the  part  they  play  in 
nature  is  of  so  great  importance,  that  I  must  yet 
suffer  them  to  retain  their  place  among  that  class 
of  bodies  which  are  distinguished  by  the  name  of 
imponderable  agents.  After  I  have  furnished  you 
with  a  list  of  the  elementary  bodies,  classed  ac- 
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cording  to  their  properties,  we  shall  proceed  to 
examine  each  of  them  separately,  and  then  con¬ 
sider  them  in  their  combinations  with  each  other. 

The  most  simple  form  of  bodies  is  that  of  a  metal. 

CAROLINE. 

You  astonish  me !  I  thought  the  metals  were 
only  one  class  of  minerals,  and  that  nature  abounded 
with  other  bodies,  such  as  earth,  stones,  rocks, 
acids,  alkalis,  vapours,  fluids,  and  the  whole  of 
the  animal  and  vegetable  creation. 

MRS.  B. 

You  have  made  a  tolerably  good  enumeration, 
though  not  exactly  arranged  in  the  most  scientific 
order.  It  is  now,  however,  believed  that  all  these 
bodies  may  be  ultimately  resolved  into  metallic 
substances.  Your  surprise  at  this  circumstance 
is  not  singular,  as  the  decomposition  of  some  of 
them,  which  has  been  more  lately  accomplished, 
has  excited  the  wonder  of  the  whole  philosophical 
world. 

But  to  return  to  the  list  of  simple  bodies — these 
being  usually  found  in  combination  with  oxygen, 
I  shall  class  them  according  to  their  properties 
when  so  combined.  This  will,  I  think,  facilitate 
their  future  investigation. 

EMILY. 

Pray,  what  is  oxygen  ? 

MRS.  B. 

A  simple  body ;  at  least,  one  that  is  supposed 
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to  be  so,  as  it  has  never  been  decomposed.  It  will 
be  one  of  the  first  of  the  elementary  bodies  whose 
properties  I  shall  explain  to  you,  and,  as  you  will 
soon  perceive,  it  is  one  of  the  most  important  in 
nature.  The  first  class  comprehends  imponder¬ 
able  agents,  which  have  no  weight ;  we  know  but 
three  of  this  description  :  but  we  must  now  con¬ 
fine  our  attention  to  the  enumeration  and  classi¬ 
fication  of  the  simple  bodies  in  general.  They 
may  be  arranged  as  follows  :  — 

CLASS  I. 

Comprehending  the  imponderable  agents ,  viz. 

HEAT  or  CALORIC, 

LIGHT, 

ELECTRICITY. 

CAROLINE. 

Heat  and  light  you  made  us  acquainted  with  in 
our  conversations  on  natural  philosophy.  By  elec¬ 
tricity  you  mean,  I  suppose,  that  fluid  which  is 
produced  by  the  electrical  machine. 

MRS.  B. 

Yes  ;  but  the  machine  is  only  a  means  of  collect¬ 
ing  and  condensing  electricity,  so  as  to  render  it 
visible :  for  this  powerful  agent,  far  from  being 
confined  to  that  apparatus,  exists  throughout  na¬ 
ture  ;  we  see  it  in  the  form  of  lightning  darting 
from  one  cloud  to  another,  nor  is  there  any  body 
in  existence  in  which  it  may  not  be  detected. 

We  will  now  proceed  to 
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CLASS  II. 

Comprehending  agents  capable  of  uniting  with  in¬ 
flammable  bodies ,  and  in  most  instances  of  affect¬ 
ing  their  combustion. 

OXYGEN, 

CHLORINE, 

IODINE, 

BROME, 

FLUORINE. 

Of  these  bodies,  the  four  last  are  of  compara¬ 
tively  late  discovery,  and  the  part  they  perform 
in  nature  is  far  less  important  than  that  of  oxygen, 
which  I  should  not  hesitate  to  consider  as  the 
principal  of  natural  agents. 

CAROLINE. 

But  these  are  surely  not  the  only  bodies  capable 
of  effecting  combustion.  The  earth  abounds  with 
combustible  bodies,  so  that  it  is  difficult  to  meet 
with  a  substance  which  will  not  burn. 

MRS.  B. 

The  agents  of  which  I  am  speaking  are  not 
themselves  combustible,  but  they  produce  com¬ 
bustion  in  other  bodies  by  uniting  with  them. 

CAROLINE. 

They  must  then  be  some  species  of  fire,  Mrs. 
B. ;  for  I  do  not  know  any  thing  else  which  will 
make  things  burn. 

MRS.  B.  ' 

No,  they  are  not  fire,  nor  have  they  any  analogy 
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to  it ;  but  I  fear  that  you  must  suspend  your  cu¬ 
riosity  till  we  come  to  treat  of  combustion. 

The  third  class  of  simple  bodies  is  very  exten¬ 
sive,  comprehending  all  the  substances  capable  of 
uniting  with  those  of  the  second  class,  and  forming 
with  them  various  compounds. 

CAROLINE. 

These  then  are  the  combustible  bodies. 

MRS.  B. 

They  are  so;  but  do  not  flatter  yourself  that  we 
shall  enter  upon  the  subject  of  combustion  at  pre¬ 
sent:  we  must  first  labour  through  the  details  of  this 
long  enumeration  of  simple  bodies ;  and,  in  order  to 
render  it  less  perplexing,  we  will  consider  the  third 
class  only  as  it  combines  with  oxygen,  setting  aside 
chlorine,  iodine,  and  fluorine,  for  the  present. 

This  third  class  is  separated  into  no  less  than 
five  divisions,  according  to  the  various  sorts  of 
compounds  which  they  form  by  combining  with 
oxygen. 

The  first  division  consists  of  only  one  substance, 
hydrogen,  forming  water  by  its  union  with  oxygen. 

CLASS  III. 

DIVISION  1. 

hydrogen,  forming  water. 

EMILY. 

This  oxygen  is  indeed  a  wonderful  substance ; 
a  sort  of  Proteus,  assuming  sometimes  the  form  of 
fire,  at  others  that  of  water. 
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MRS.  B. 

Let  not  your  poetical  allusions  mislead  you :  for 
oxygen  you  will  find  to  be  neither  fire  nor  water. 
With  bodies  comprehended  in  the  second  division, 
oxygen  forms  acids,  as  follow :  — 

DIVISION  2. 

Bodies  forming  acids. 

NITROGEN,  .  .  .  forming  nitric  acid. 

SULPHUR,  .  .  .  forming  sulphuric  acid. 
phosphorus,  .  forming  phosphoric  acid. 
carbon,  .  .  .  forming  carbonic  acid. 
BORACIUM,  .  .  forming  boracic  acid. 
fluorium,  .  .  forming  fluoric  acid. 

CAROLINE. 

Well,  Mrs.  B.,  what  is  the  next  part  which  this 
universal  agent  has  to  perform  ? 

MRS.  B. 

The  third  division  comprehends  such  of  the 
metallic  bodies  as  form  alkalis  by  their  union  with 
oxygen. 

DIVISION  3. 

Metallic  bodies  forming  alkalis. 

POTASSIUM,  .  .  .forming  potash. 

SODIUM, . forming  soda. 

ammonium  .  .  .forming  ammonia. 

LITHIUM,  .  .  .  .forming  lithina. 

Nor  does  the  comprehensive  agency  of  oxygen 
stop  here ;  in  the  fourth  division  it  converts  the 
following  bodies  into  earths :  — 
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DIVISION  4. 

Metallic  bodies  forming  earths. 

CALCIUM,  or  metal  forming  lime. 
magnesium,  .  .  .forming  magnesia. 

BARIUM, . forming  barytes. 

strontium,  .  .  .forming  strontites. 
SILICIUM,  .  .  .  .forming  silex. 
aluminium,  .  .  .forming  alumine. 
yttrium,  ....  forming  yttria. 
GLUCINIUM,  .  .  .forming  glucina. 
zirconium,  .  .  .forming  zirconia. 
THORINIUM,  .  .  .forming  thorina. 

CAROLINE. 

So  then,  instead  of  one  single  elementary  earth, 
according  to  the  simple  science  of  the  good  old 
times,  we  have  here  nearly  a  dozen,  and  all  of  them 
compounds.  You  must  acknowledge,  Mrs.  B., 
that  the  philosophy  of  our  ancestors  had  the  ad¬ 
vantage  of  simplicity. 

MRS.  B. 

Simplicity  has  charms  only  so  far  as  it  accords 
with  truth.  I  am  far  from  supposing  the  present 
classification  of  simple  bodies  to  be  perfectly  cor¬ 
rect;  on  the  contrary,  the  investigation  and  dis¬ 
coveries  of  the  most  celebrated  chemists  show  us 
that  occasional  alterations  already  have  been,  and 
no  doubt  will  continue  to  be,  required :  but  as  long 
as  every  change  brings  us  nearer  to  the  truth,  we 
have  no  cause  to  complain  of  their  frequency.  I 
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do  not  mean,  however,  to  depreciate  the  labours  of 
our  forefathers;  we  profit  by  their  experience,  both 
in  avoiding  their  errors,  and  in  following  their 
steps  when  they  were  in  the  right  path ;  and  it  is  no 
small  advantage  to  be  furnished  with  a  hand-post, 
which  indicates  which  is  the  right  way,  and  which 
the  wrong  one. 

CAROLINE. 

People  are  very  fond  of  expatiating  on  the  wis¬ 
dom  and  experience  of  our  ancestors;  yet  we  must 
naturally  be  their  superiors,  since  we  have  the 
advantage  of  their  accumulation  of  knowledge  to 
follow,  and  of  error  to  avoid  ;  and  it  would  surely 
be  much  more  rational  to  talk  of  the  wisdom  and 
experience  of  ourselves  and  our  posterity,  than 
that  of  our  ancestors. 

MRS.  B. 

I  will  admit  that  there  is  some  truth  in  your 
observation;  the  present  is  in  reality  the  oldest  age. 
But  we  are  wandering  away  from  our  classification 
of  simple  bodies. 

The  fifth  division  comprehends  the  metals,  either 
naturally  in  their  metallic  state,  or,  if  combined  with 
oxygen,  yielding  it  to  carbon  or  to  heat  alone. 

EMILY. 

But  what  name  do  you  give  to  these  metals 
when  united  to  oxygen  ? 

MRS.  B. 

It  depends  upon  the  quantity  of  oxygen  with 
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which  they  are  united.  A  certain  proportion  con¬ 
verts  them  into  bodies  called  oxides ;  a  more  con¬ 
siderable  dose  transforms  them  into  acids ;  I  shall 
therefore  simply  enumerate  the  names  of  the  me- 
tals;  and  we  shall  hereafter  consider  them  in  the 
state  of  oxides  and  of  acids. 

The  division  is  subdivided  into  malleable  and 
brittle  metals. 


division  5. 

Metals ,  either  naturally  metallic ,  or  yielding  their 
oxygen  to  carbon  or  to  heat  alone. 

Subdivision  1. 

Malleable  metals. 


GOLD, 
PLATINA, 
PALLADIUM 
SILVER  *, 
MERCURY  f, 
TIN, 


COPPER, 

IRON, 

LEAD, 

NICKEL, 

ZINC, 

CADMIUM.  | 


*  These  first  four  metals  have  commonly  been  distinguished 
by  the  appellation  of  perfect  or  noble  metals,  on  account  of 
their  possessing  the  characteristic  properties  of  ductility, 
malleability,  inalterability,  and  great  specific  gravity,  in  an 
eminent  degree. 

f  Mercury,  in  its  liquid  state,  cannot  of  course  be  called  a 
malleable  metal.  But  when  frozen,  it  possesses  a  consider¬ 
able  degree  of  malleability. 

|  A  metal  resembling  tin;  which  was  discovered  in  1817, 
in  an  ore  of  zinc,  by  M.  Stromeyer. 
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Subdivision  2. 
Brittle  metals. 


ARSENIC, 

VANADIUM, 

BISMUTH, 

ERBIUM, 

SELENIUM*, 

NIOBIUM, 

TELLURIUM, 

TERBIUM, 

COBALT, 

PEL  OPIUM, 

TUNGSTEN, 

IRIDIUM, 

MOLYBDENUM, 

OSMIUM, 

TITANIUM, 

RHODIUM, 

CHROME, 

RUTHENIUM,  f 

ANTIMONY, 

CERIUM, 

MANGANESE, 

ZANTIIANE, 

URANIUM, 

COLUMBIUM,  or  TAN- 

DIDYMIUM.  X 

TALIUM, 

CAROLINE. 

Well,  it  must  be  confessed  that  this  is  rather  a 

*  Selenium  was  discovered  some  years  ago  by  Berzelius  in 
the  ferruginous  pyrites  of  F ahlun  in  Sweden.  It  has  the  me¬ 
tallic  lustre,  but  is  not  a  conductor  of  electricity,  and  but  an 
imperfect  one  of  caloric.  It  passes  into  the  state  of  oxide 
and  acid,  so  that  it  might  perhaps  more  strictly  be  classed 
with  sulphur.  It  may  be  distinguished  by  its  smell  when  in  a 
state  of  vapour,  which  is  that  of  horse-radish. 

f  These  last  four  or  five  bodies  are  placed  under  this  class 
for  the  sake  of  classification,  though  some  of  their  properties 
have  not  yet  been  fully  investigated. 

j  These  three  last  metals  are  found  united  in  the  mineral 
called  cerite. 
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formidable  list :  you  will  have  much  to  do  to  ex¬ 
plain  it,  Mrs.  B. 

MRS.  B. 

A  chemical  division  being  necessarily  founded 
on  properties  with  which  you  are  almost  wholly 
unacquainted,  it  is  impossible  that  you  should  at 
once  be  able  to  understand  its  meaning,  or  appre¬ 
ciate  its  utility. 

EMILY. 

It  does  not  appear  to  me  so  difficult :  allow  me 
to  look  at  it.  Here  are  first  the  three  imponder¬ 
able  agents,  heat,  light,  and  electricity ;  which,  if 
they  are  not  bodies,  may,  perhaps,  be  called  the 
soul  of  chemistry :  then  the  all-potent  oxygen, 
with  its  insignificant  associates ;  next  follow  the 
bodies  which  oxygen  metamorphoses,  converting 
one  of  them  into  water,  seven  into  acids,  four  into 
alkalis,  and  ten  into  earths.  Finally,  there  are 
six  malleable,  and  nine  brittle  metals,  upon  which 
oxygen  operates  a  double  transformation,  chang¬ 
ing  them  either  into  oxides  or  acids,  according  as 
it  more  or  less  predominates. 

MRS.  B. 

I  am  glad  to  find  that  you  have  formed  so  cor¬ 
rect  an  idea  of  this  classification ;  for  it  is,  I  con¬ 
fess,  a  difficult  task  to  make  an  arrangement  which 
shall  be  intelligible  to  beginners. 

But  before  we  proceed  farther,  it  will  be  neces¬ 
sary  to  give  you  some  idea  of  chemical  attraction, 
a  power  on  which  the  whole  science  depends. 
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Chemical  Attraction ,  or  the  Attraction  of  Com¬ 
position,  consists  in  the  peculiar  tendency  which 
bodies  of  a  different  nature  have  to  unite  with  each 
other.  It  is  by  this  force  that  all  compositions  and 
decompositions  are  effected. 

EMILY. 

What  is  the  difference  between  chemical  attrac¬ 
tion,  and  the  attraction  of  cohesion  or  of  aggrega¬ 
tion,  which  you  mentioned  to  us,  in  our  conversa¬ 
tions  on  natural  philosophy  ? 

MRS.  B. 

The  attraction  of  cohesion  exists  only  between 
particles  of  the  same  nature,  whether  simple  or 
compound :  thus  it  unites  the  particles  of  a  piece  of 
metal,  which  is  a  simple  substance ;  and  likewise 
the  particles  of  a  loaf  of  bread,  which  is  a  com¬ 
pound.  The  attraction  of  composition,  on  the 
contrary,  unites,  and  maintains,  in  a  state  of  com¬ 
bination,  particles  of  a  dissimilar  nature  :  it  is  this 
power  that  forms  each  of  the  compound  particles 
of  which  bread  consists ;  and  it  is  by  the  attrac¬ 
tion  of  cohesion  that  all  these  particles  are  con¬ 
nected  into  a  single  mass. 

EMILY. 

The  attraction  of  cohesion,  then,  is  the  power 
which  unites  the  integrant  particles  of  a  body:  the 
attraction  of  composition,  that  which  combines  the 
constituent  particles.  Is  it  not  so  ? 

MRS.  B. 

Precisely :  and  observe,  that  the  attraction  of 
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cohesion  unites  particles  of  a  similar  nature,  with¬ 
out  changing  their  original  properties :  the  result 
of  such  an  union,  therefore,  is  a  body  of  the  same 
kind  as  the  particles  of  which  it  is  formed ;  whilst 
the  attraction  of  composition,  by  combining  par¬ 
ticles  of  a  dissimilar  nature,  produces  compound 
bodies,  quite  different  from  any  of  their  consti¬ 
tuents.  If,  for  instance,  I  pour  on  the  piece  of 
copper,  contained  in  this  glass,  some  of  this  liquid 
(which  is  called  nitric  acid),  for  which  it  has  a 
strong  attraction,  every  particle  of  the  copper  will 
combine  with  a  particle  of  acid,  and  together  they 
will  form  a  new  body,  totally  different  from  either 
the  copper  or  the  acid. 

Do  you  observe  the  internal  commotion  which 
already  begins  to  take  place  ?  It  is  produced  by 
the  combination  of  these  two  substances ;  and  yet 
the  acid  has  in  this  case  to  overcome  not  only  the 
resistance  which  the  strong  cohesion  of  the  particles 
of  copper  opposes  to  their  combination  with  it,  but 
also  to  overcome  the  weight  of  the  copper,  which 
makes  it  sink  to  the  bottom  of  the  glass,  and  pre¬ 
vents  the  acid  from  having  such  free  access  to  it  as 
it  would  if  the  metal  were  suspended  in  the  liquid. 

EMILY. 

The  acid  seems,  however,  to  overcome  both 
these  obstacles  without  difficulty,  and  appears  to 
be  very  rapidly  dissolving  the  copper. 

MRS.  B. 

By  this  means  it  reduces  the  copper  into  more 
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minute  parts  than  could  possibly  be  done  by  any 
mechanical  power.  But  as  the  acid  can  act  only 
on  the  surface  of  the  metal,  it  will  be  some  time 
before  the  union  of  these  two  bodies  will  be  com¬ 
pleted. 

You  may,  however,  already  see  how  totally  dif¬ 
ferent  this  compound  is  from  either  of  its  ingre¬ 
dients.  It  is  neither  colourless,  like  the  acid,  nor 
hard,  heavy,  and  yellow  like  the  copper.  If  you 
tasted  it,  you  would  no  longer  perceive  the  sour¬ 
ness  of  the  acid.  It  has  at  present  the  appearance 
of  a  blue  liquid ;  but  when  the  union  is  completed, 
and  the  water  with  which  the  acid  is  diluted 
evaporated  the  compound  will  assume  the  form  of 
regular  crystals  of  a  fine  blue  colour,  and  perfectly 
transparent.*  Of  these  I  can  show  you  a  specimen 
as  I  have  prepared  some  for  that  purpose. 

CAROLINE. 

*  How  very  beautiful  they  are,  in  colour,  form 
and  transparency  !  Nothing  can  be  more  striking 
than  this  example  of  chemical  attraction. 

MRS.  B. 

The  term  attraction  has  been  lately  introduced 
into  chemistry,  as  a  substitute  for  the  wrord  affinity, 
to  which  some  chemists  have  objected,  because  it 
originated  in  the'vague  notion  that  chemical  com¬ 
binations  depended  upon  a  certain  resemblance,  or 
relationship,  between  particles  that  are  disposed  to 

*  These  crystals  are  more  easily  obtained  from  a  mixture 
of  sulphuric  with  a  little  nitric  acid. 


OF  CHEMISTRY. 


23 


unite ;  and  this  idea  is  not  only  imperfect,  but 
erroneous,  as  particles  of  the  most  dissimilar  nature 
have  generally  the  greatest  tendency  to  combine. 

CAROLINE. 

Besides,  there  seems  to  be  no  advantage  in  using 
a  variety  of  terms  to  express  the  same  meaning ; 
on  the  contrary,  it  creates  confusion ;  and  as  we 
are  well  acquainted  with  the  term  Attraction,  in 
natural  philosophy,  we  had  better  adopt  it  in  che¬ 
mistry  likewise. 

MRS.  R. 

If  you  have  a  clear  idea  of  the  meaning,  I  shall 
leave  you  at  liberty  to  express  it  in  the  terms  you 
prefer.  For  myself,  I  confess  that  I  think  the  word 
Attraction  best  suited  to  the  general  law  that  unites 
the  integrant  particles  of  bodies ;  and  Affinity  bet¬ 
ter  adapted  to  that  which  combines  the  constituent 
particles,  as  it  may  convey  an  idea  of  the  prefer¬ 
ence  which  some  bodies  have  for  others,  which  the 
term  attraction  of  composition  does  not  so  well 
express. 

EMILY. 

So  I  think ;  for  though  that  preference  may  not 
result  from  any  relationship,  or  similitude,  between 
the  particles  (as  you  say  was  once  supposed),  yet 
since  it  really  exists,  it  ought  to  be  expressed. 

MRS.  B. 

Well,  let  it  be  agreed  that  we  may  use  the  terms 
affinity,  chemical  attraction ,  and  attraction  of  com- 
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position ,  indifferently,  provided  you  recollect  that 
they  have  all  the  same  meaning. 

EMILY. 

I  do  not  conceive  how  bodies  can  be  decomposed 
by  chemical  attraction.  That  this  power  should  be 
the  nneans  of  composing  them,  is  very  obvious ;  but 
that  it  should,  at  the  same  time,  produce  exactly  the 
contrary  effect,  appears  to  me  rather  paradoxical. 

*  MRS.  B. 

To  decompose  a  body  is,  you  know,  to  separate 
its  constituent  parts,  which,  as  we  have  just  ob¬ 
served,  cannot  be  done  by  mechanical  means. 

EMILY. 

No :  because  mechanical  means  separate  only 
the  integrant  particles ;  they  act  merely  against 
the  attraction  of  cohesion,  and  only  divide  a  com¬ 
pound  into  smaller  compound  parts. 

MRS.  B. 

The  decomposition  of  a  body  is  performed  by 
chemical  powers.  If  you  present  to  a  body  com¬ 
posed  of  two  principles,  a  third,  which  has  a  greater 
affinity  for  one  of  them  than  the  two  first  have  for 
each  other,  it  will  be  decomposed  ;  that  is,  its  two 
principles  will  be  separated  by  means  of  the  third 
body.  Let  us  call  two  ingredients,  of  which  the 
body  is  composed,  A  and  B.  If  we  present  to  it 
another  ingredient,  C,  which  has  a  greater  affinity 
for  B  than  that  which  unites  A  and  B,  it  neces¬ 
sarily  follows  that  B  will  quit  A  to  combine  with 
C.  The  new  ingredient,  therefore,  has  effected  a 
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decomposition  of  the  original  body  A  B  ;  A  has 
been  left  alone,  and  a  new  compound,  B  C,  has 
been  formed. 

CAROLINE. 

Like  two  friends  who  were  very  happy  in  each 
other’s  society,  till  a  third  disunited  them  by  the 
preference  which  one  of  them  gave  to  the  new¬ 
comer. 

MRS.  B. 

Very  well.  I  shall  now  show  you  how  this 
takes  place  in  chemistry. 

Let  us  suppose  that  we  wish  to  decompose  the 
compound  we  have  just  formed  by  the  combination 
of  the  two  ingredients,  copper  and  nitric  acid ;  we 
may  do  this  by  presenting  to  it  a  piece  of  iron,  for 
which  the  acid  has  a  stronger  attraction  than  for 
copper ;  the  acid  will  consequently  quit  the  copper 
to  combine  with  the  iron,  and  the  copper  will  be 
what  the  chemists  call  precipitated ;  that  is  to  say, 
it  will  be  thrown  down  in  its  separate  state,  and 
re-appear  in  its  simple  form. 

In  order  to  produce  this  effect,  I  shall  dip  the 
blade  of  this  knife  into  the  fluid ;  and,  when  I  take 
it  out,  you  will  observe,  that,  instead  of  being 
wetted  with  a  bluish  liquid,  like  that  contained  in 
the  glass,  it  will  be  covered  with  a  thin  coat  of 
copper. 

CAROLINE. 

So  it  is,  really  !  But  then  is  it  not  the  copper, 
instead  of  the  acid,  that  has  combined  with  the 
iron  blade  ? 
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MRS.  B. 

No  ;  you  are  deceived  by  appearances :  it  is  the 
acid  which  combines  with  the  iron,  and,  in  so  doing, 
deposits  or  precipitates  the  copper  on  the  surface 
of  the  blade. 

EMILY. 

But  are  simple  substances  so  exclusive  in  their 
preferences  that  three  or  four  cannot  combine  to¬ 
gether  without  any  of  them  being  precipitated? 

MRS.  B. 

That  is  sometimes  the  case ;  but,  in  general,  the 
stronger  affinity  destroys  the  weaker ;  and  it  sel¬ 
dom  happens  that  the  attraction  of  several  sub¬ 
stances  for  each  other  is  so  equally  balanced  as  to 
produce  such  complicated  compounds. 

CAROLINE. 

And,  pray,  Mrs.  B.,  what  is  the  cause  of  the 
chemical  attraction  of  bodies  for  each  other  ?  It 
appears  to  me  more  extraordinary  or  unnatural,  if 
I  may  use  the  expression,  than  the  attraction  of 
cohesion,  which  unites  particles  of  a  similar  nature. 

MRS.  B. 

Chemical  attraction  is,  probably,  like  that  of 
cohesion  or  gravitation,  one  of  the  powers  inherent 
in  matter  which,  in  our  present  state  of  knowledge, 
admits  of  no  other  satisfactory  explanation  than 
an  immediate  reference  to  a  Divine  cause. 

I  shall  now  bid  you  adieu  ;  but,  before  we  part, 
I  must  recommend  you  to  fix  in  your  memory  the 
names  of  the  simple  bodies,  against  our  next  inter¬ 
view. 


CONVERSATION  II. 

ON  LIGHTS  AND  HEAT  OR  CALORIC. 


CAROLINE. 

TV  e  have  learned  by  heart  the  names  of  all  the 
simple  bodies  which  you  have  enumerated,  and  we 
are  now  ready  to  enter  on  the  examination  of  each 
of  tnern  successively.  T  ou  will  begin,  I  suppose, 
with  LIGHT  ? 

MRS.  B. 

Respecting  the  nature  of  light  we  have  little 
more  than  conjectures.  I  have  already  informed 
you,  in  our  conversations  on  natural  philosophy, 
that  it  is  now  generally  believed  that  light  is  pro¬ 
duced  by  the  vibrations  of  a  subtle  etherial  fluid, 
which  is  supposed  to  pervade  all  space ;  it  is  there¬ 
fore  rather  to  the  effects  it  produces  on  other 
bodies,  than  to  its  own  immediate  nature,  that  we 
must  direct  our  attention. 

The  connection  between  light  and  heat  is  very 
obvious :  indeed,  it  is  such,  that  it  is  extremely 
difficult  to  examine  the  one  independently  of  the 
other. 

EMILY. 

But,  is  it  possible  to  separate  light  from  heat  ? 
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I  thought  they  were  only  different  degrees  of  the 
same  thing,  fire. 

MRS.  B. 

I  have  told  you  that  fire  was  not  now  considered 
as  a  simple  element.  Whether  light  and  heat  be 
altogether  different  agents,  or  not,  I  cannot  pre¬ 
tend  to  decide  ;  but,  in  many  cases,  light  may  be 
separated  from  heat.  The  first  discovery  of  this 
was  made  by  a  celebrated  Swedish  chemist,  Scheele. 
Another  very  striking  illustration  of  the  separation 
of  heat  and  light  was  long  after  pointed  out  by 
Dr.  Herschel.  He  ascertained  that  these  two 
agents,  emitted  in  the  rays  of  the  sun,  had  dif¬ 
ferent  degrees  of  refrangibility ;  for,  in  separating 
the  different  coloured  rays  of  light  by  a  prism  (as 
we  did  some  time  ago),  he  found  that  the  greatest 
heat  was  beyond  the  spectrum,  at  a  little  distance 
from  the  red  rays,  which,  you  may  recollect,  are 
the  least  refrangible. 

EMILY. 

I  should  like  to  try  that  experiment. 

MRS.  B. 

It  is  by  no  means  an  easy  one :  the  heat  of  a  ray 
of  light,  refracted  by  a  prism,  is  so  small,  that  it 
requires  a  very  delicate  thermometer  to  distinguish 
the  difference  of  the  degree  of  heat  within  and  with- 

O 

out  the  spectrum ;  for  in  this  experiment  the  heat 
is  not  totally  separated  from  the  light,  each  co¬ 
loured  ray  retaining  a  certain  portion  of  it,  though 
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the  greatest  part  is  not  sufficiently  refracted  to 
fall  within  the  spectrum. 

EMILY. 

I  suppose,  then,  that  those  coloured  rays  which 
are  the  least  refrangible  retain  the  greatest  quan¬ 
tity  of  heat. 

MRS.  B. 

They  do  so. 

EMILY. 

Though  I  no  longer  doubt  that  light  and  heat 
can  be  separated,  Dr.  Herschel’s  experiment  does 
no  appear  to  me  to  afford  sufficient  proof  that 
they  are  essentially  different ;  for  light  may  like¬ 
wise  be  divided  into  the  different  coloured  rays. 

MRS.  B. 

No  doubt  there  must  be  some  dissimilarity  in  the 
various-coloured  rays.  Even  their  chemical  powers 
are  different.  The  blue  rays,  for  instance,  have  the 
greatest  effect  in  separating  oxygen  from  bodies, 
as  was  found  by  Scheele ;  and  there  exist,  also,  as 
Dr.  Wollaston  has  shown,  rays  more  refrangible 
than  the  blue,  which  produce  the  same  chemical 
effect,  and,  what  is  very  remarkable,  are  invisible. 

EMILY. 

Do  you  think  it  possible  that  heat  may  be  merely 
a  modification  of  light  ? 

MRS.  B. 

That  is  a  supposition  which,  in  the  present  state 
of  natural  philosophy,  can  neither  be  positively 
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affirmed  nor  denied.  Let  us,  therefore,  instead 
of  discussing  doubtful  points,  be  contented  with 
examining  what  is  known  respecting  the  chemical 
effects  of  light. 

Light  is  capable  of  entering  into  a  kind  of  tran¬ 
sitory  union  with  certain  substances,  and  this  is 
what  has  been  called  phosphorescence.  Bodies 
which  are  possessed  of  this  property,  after  being 
exposed  to  the  sun’s  rays,  appear  luminous  in  the 
dark.  The  shells  of  fish,  the  bones  of  land  ani¬ 
mals,  marble,  limestone,  and  a  variety  of  com¬ 
binations  of  earths,  are  more  or  less  powerfully 
phosphorescent. 

CAROLINE. 

I  remember  being  much  surprised  last  summer 
with  the  phosphorescent  appearance  of  some  pieces 
of  rotten  wood,  which  had  just  been  dug  out  of  the 
ground  ;  they  shone  with  so  much  brightness  that 
I  at  first  supposed  them  to  be  glow-worms. 

EMILY. 

And  is  not  the  light  of  a  glow-worm  of  a  phos¬ 
phorescent  nature  ? 

MRS.  B. 

It  is  a  very  remarkable  instance  of  phosphores¬ 
cence  in  living  animals ;  this  property,  however,  is 
not  exclusively  possessed  by  the  glow-worm.  The 
insect  called  the  lantern-fly,  which  is  peculiar  to 
warm  climates,  emits  light  as  it  flies,  producing  in 
the  dark  a  remarkably  sparkling  appearance.  But 
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it  is  more  common  to  see  animal  matter  in  a  dead 
■state  possessed  of  a  phosphorescent  quality  ;  sea- 
fish  is  often  eminently  so. 

EMILY. 

I  have  heard  that  the  sea  has  sometimes  had  the 
appearance  of  being  illuminated,  and  that  the  light 
is  supposed  to  proceed  from  the  spawn  of  fishes 
floating  on  its  surface. 

MRS.  B. 

This  light  is  probably  owing  to  that  or  some 
other  animal  matter.  Sea-water  has  been  observed 
to  become  luminous  from  the  substance  of  a  fresh 
herring  having  been  immersed  in  it ;  and  certain 
insects,  of  the  Medusa  kind,  are  known  to  produce 
similar  effects. 

But  the  strongest  phosphorescence  is  produced 
by  chemical  compositions  prepared  lor  the  purpose, 
the  most  common  of  which  consists  of  oyster-shells 
and  sulphur,  and  is  known  by  the  name  of  Canton’s 
Phosphorus. 

EMILY. 

I  am  rather  surprised,  Mrs.  B.,  that  you  should 
have  said  so  much  of  the  light  emitted  by  phos¬ 
phorescent  bodies,  without  taking  any  notice  of 
that  which  is  produced  by  burning  bodies. 

MRS.  B. 

The  light  emitted  by  the  latter  is  so  intimately 
connected  with  the  chemical  history  of  combustion, 
that  I  must  defer  all  explanation  of  it  till  we  come 
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to  the  examination  of  that  process,  which  is  one  of 
the  most  interesting  in  chemical  science. 

Light  is  an  agent  capable  of  producing  various 
chemical  changes.  It  is  essential  to  the  welfare 
both  of  the  animal  and  vegetable  kingdoms ;  for 
men  and  plants  grow  pale  and  sickly  if  deprived  of 
its  salutary  influence.  It  is  likewise  remarkable  for 
its  property  of  destroying  colour,  which  renders  it 
of  great  consequence  in  the  process  of  bleaching. 

EMILY. 

Is  it  not  singular  that  light,  which  in  studying 
optics  we  were  taught  to  consider  as  the  source  and 
origin  of  colours,  should  have  also  the  power  of 
destroying  them  ? 

CAROLINE. 

It  is  a  fact,  however,  which  we  every  day  expe¬ 
rience:  you  know  how  it  fades  the  colours  of  linens 
and  silks. 

EMILY. 

Certainly ;  yet  endive  is  made  to  grow  white 
instead  of  green,  by  being  covered  up  so  as  to  ex¬ 
clude  the  light.  By  what  means  does  light  pro¬ 
duce  these  opposite  effects  ? 

MRS.  B. 

This  I  cannot  attempt  to  explain  to  you  until 
you  have  obtained  a  further  knowledge  of  che¬ 
mistry.  As  the  chemical  properties  of  light  can 
be  accounted  for  only  in  their  reference  to  com¬ 
pound  bodies,  it  would  be  useless  to  detain  you 
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any  longer  on  this  subject ;  we  may  therefore  pass 
on  to  the  examination  of  heat,  or  caloric,  with 
which  we  are  somewhat  better  acquainted. 

Heat  and  Light  may  be  always  distinguished 
by  the  different  sensations  they  produce.  Light 
affects  the  sense  of  sight,  Caloric  that  of  feeling  ; 
the  one  produces  Vision ,  the  other  the  sensation 
of  Heat. 

Caloric  is  found  to  exist  in  a  variety  of  forms 
or  modifications ;  and  we  shall  consider  it  under 
the  two  following  heads,  viz.  — 

1.  Free  or  radiant  caloric. 

2.  Combined  caloric. 

The  first,  free  or  radtant  caloric,  is  also 
called  heat  of  temperature  :  it  comprehends 
all  heat  which  is  perceptible  to  the  senses,  and 
affects  the  thermometer. 

EMILY. 

You  mean  such  as  the  heat  of  the  sun,  of  fire, 
of  candles,  of  stoves  ;  in  short,  of  every  thing  that 
burns. 

MRS.  B. 

And  likewise  of  things  which  do  not  burn,  as, 
for  instance,  the  warmth  of  the  body ;  in  a  word, 
all  heat  that  is  sensible,  whatever  may  be  its  degree, 
or  the  source  whence  it  is  derived. 

CAROLINE. 

What  then  are  the  other  modifications  of  caloric  ? 
It  must  be  a  strange  kind  of  heat  which  cannot  be 
perceived  by  our  senses. 

VOL.  I.  D 
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MRS.  B. 

None  of  the  modifications  of  caloric  should  pro¬ 
perly  be  called  heat ;  for  heat,  strictly  speaking, 
is  the  sensation  produced  by  caloric  on  animated 
bodies ;  this  word,  therefore,  in  the  accurate  lan¬ 
guage  of  science,  should  be  confined  to  express 
the  sensation.  But  custom  has  adapted  it  likewise 
to  inanimate  matter,  and  we  say  the  heat  of  an  oven, 
the  heat  of  the  sun ,  without  any  reference  to  the 
sensation  which  they  are  capable  of  exciting. 

It  was  in  order  to  avoid  the  confusion  which 
arose  from  thus  confounding  the  cause  and  effect, 
that  modern  chemists  adopted  the  new  word  ca¬ 
loric,  to  denote  the  principle  which  produces  heat ; 
yet  they  do  not  always,  in  compliance  with  their 
own  language,  limit  the  word  heat  to  the  expression 
of  the  sensation,  since  they  still  frequently  employ 
it  in  reference  to  the  other  modifications  of  caloric 
which  are  quite  independent  of  sensation. 

CAROLINE. 

But  you  have  not  yet  explained  to  us  what 
these  other  modifications  of  caloric  are. 

MRS.  B. 

Because  you  are  not  acquainted  with  the  pro¬ 
perties  of  free  caloric,  and  you  know  that  we  have 
agreed  to  proceed  with  regularity. 

One  of  the  most  remarkable  properties  of  free 
caloric  is  its  power  of  dilating  bodies.  This  fluid 
is  so  extremely  subtle,  that  it  enters  and  pervades 
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all  bodies  whatever,  forces  itself  between  their 
particles,  and  not  only  separates  them,  but  fre¬ 
quently  drives  them  asunder  to  a  considerable 
distance  from  each  other.  It  is  thus  that  caloric 
dilates  or  expands  a  body,  so  as  to  make  it  occupy 
a  greater  space  than  it  did  before. 

EMILY. 

The  effect  it  has  on  bodies,  therefore,  is  directly 
contrary  to  that  of  the  attraction  of  cohesion :  the 
one  draws  the  particles  together,  the  other  drives 
them  asunder. 

MRS.  B. 

Precisely.  There  is  a  continual  struggle  be¬ 
tween  the  attraction  of  aggregation,  and  the  ex¬ 
pansive  power  of  caloric ;  and  from  the  action  of 
these  two  opposite  forces  result  all  the  various 
forms  of  matter,  or  degrees  of  consistence,  from 
the  solid  to  the  liquid  and  aeriform  state.  And 
accordingly  wre  find  that  most  bodies  are  capable 
of  passing  from  one  of  these  forms  to  the  other, 
merely  in  consequence  of  their  receiving  different 
quantities  of  caloric. 

CAROLINE. 

That  is  very  curious  ;  but  I  think  I  understand 
the  reason  of  it.  If  a  great  quantity  of  caloric  is 
added  to  a  solid  bodv,  it  introduces  itself  between 
the  particles  in  such  a  manner  as  to  overcome,  in 
a  considerable  degree,  the  attraction  of  cohesion ; 
and  the  bodv»  from  a  solid,  is  then  converted  into 
a  fluid. 
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MRS.  B. 

This  is  the  case  whenever  a  body  is  fused  or 
melted  ;  but  if  you  add  caloric  to  a  liquid,  can  you 
tell  me  what  is  the  consequence. 

CAROLINE. 

The  caloric  forces  itself  in  greater  abundance 
between  the  particles  of  the  liquid,  and  drives 
them  to  such  a  distance  from  each  other,  that  their 
attraction  of  aggregation  is  wholly  destroyed :  the 
liquid  is  then  transformed  into  vapour. 

MRS.  B. 

Very  well ;  and  this  is  precisely  the  case  with 
boiling  water,  when  it  is  converted  into  steam  or 
vapour,  and  with  all  bodies  which  assume  an  aeri¬ 
form  state. 

EMILY. 

I  do  not  well  understand  the  word  aeriform. 

MRS.  B. 

Any  elastic  fluid  whatever,  is  called  aeriform. 

But  each  of  these  various  states,  solid,  liquid, 
and  aeriform,  admit  of  many  different  degrees  of 
density,  or  consistence,  still  arising  (chiefly  at  least) 
from  the  different  quantities  of  caloric  the  bodies 
contain.  Solids  are  of  various  degrees  of  density, 
from  that  of  gold  to  that  of  a  thin  jelly.  Liquids, 
from  the  consistence  of  melted  glue,  or  melted 
metals,  to  that  of  ether,  which  is  the  lightest  of  all 
liquids.  The  different  elastic  fluids  (with  which 
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you  arc  not  yet  acquainted)  are  susceptible  of  no 
less  variety  in  their  degrees  of  density. 

EMILY. 

But  does  not  every  individual  body  also  admit 
of  different  degrees  of  consistence,  without  chang¬ 
ing  its  state  ? 

MRS.  B. 

Undoubtedly  ;  and  this  1  can  immediately  show 
you  by  a  very  simple  experiment.  This  piece  of 
iron  nosv  exactly  fits  the  frame,  or  ring,  made  to 
receive  it ;  but  if  heated  red  hot,  it  will  no  longer 
do  so,  for  its  dimensions  will  be  so  much  increased 
by  the  caloric  that  has  penetrated  into  it,  that  it 
will  be  too  large  for  the  frame. 

The  iron  is  now  red  hot ;  by  applying  it  to  the 
frame,  we  shall  see  how  much  it  is  dilated. 

EMILY. 

Considerablv  so,  indeed !  I  knew  that  heat  had 
this  effect  on  bodies,  but  I  did  not  imagine  that  it 
could  be  made  so  evident. 

MRS.  B. 

By  means  of  this  instrument,  called  a  Pyro¬ 
meter,  we  may  estimate,  in  the  most  exact  manner, 
the  various  dilatations  of  any  solid  body  by  lieat. 
(Plate  I.  fig.  1.)  The  body  we  are  now  going  to 
submit  to  trial  is  this  small  iron  bar  A  A ;  I  fix  it 
to  this  apparatus,  and  then  heat  it  by  lighting  the 
three  lamps  beneath  it :  when  the  bar  expands,  it 
increases  in  length  as  well  as  thickness :  and,  as  one 
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end  communicates  with  this  wheel-work,  be,  whilst 
the  other  end  is  fixed  and  immoveable,  no  sooner 
does  it  begin  to  dilate,  than  it  presses  against  the 
wheel-work,  and  sets  in  motion  the  index,  C,  which 
points  out  the  degrees  of  dilatation  on  the  dial-plate. 

EMILY. 

This  is,  indeed,  a  very  curious  instrument ;  but 
I  do  not  understand  the  use  of  the  wheels  :  would 
it  not  answer  the  purpose  equally  well,  if  the  bar, 
in  dilating,  pressed  against  the  index,  and  put  it  in 
motion  without  the  intervention  of  the  wheels  ? 

MRS.  B. 

The  use  of  the  wheels  is  merely  to  multiply  the 
motion,  and  therefore  render  the  effect  of  the  calo¬ 
ric  more  obvious ;  for  if  the  index  moved  no  more 
than  the  bar  increased  in  length,  its  motion  would 
scarcely  be  perceptible ;  but  by  means  of  the  wheels 
it  moves  in  a  much  greater  proportion,  which  there¬ 
fore  renders  the  variations  far  more  conspicuous. 

By  submitting  different  bodies  to  the  test  of  the 
pyrometer,  it  is  found  that  they  are  far  from  dilat¬ 
ing  in  the  same  proportion.  Different  metals  ex- 
pand  in  different  degrees,  and  other  kinds  of  solid 
bodies  vary  still  more  in  this  respect.  But  this 
different  susceptibility  of  dilatation  is  still  more  re¬ 
markable  in  fluids  than  in  solid  bodies,  as  I  shall 
show  you.  I  have  here  two.glass  tubes  (Plate  I. 
fig.  2.)  terminated  at  one  end  by  large  bulbs.  We 
shall  fill  the  bulbs,  the  one  with  spirit  of  wine,  the 
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other  with  water.  I  have  coloured  both  liquids, 
in  order  that  the  effect  may  be  more  conspicuous. 
The  spirit  of  wine,  you  see,  dilates  by  the  warmth 
of  my  hand  as  I  hold  the  bulb. 

EMILY. 

It  certainly  does,  for  I  see  it  is  rising  into  the 
tube.  But  water,  it  seems,  is  not  so  easily  affected 
by  heat ;  for  scarcely  any  change  is  produced  on 
it  by  the  warmth  of  the  hand. 

MRS.  B. 

True :  we  shall  now  plunge  the  bulbs  into  two 
glasses  of  hot  water  (b  b),  and  you  will  see  both 
liquids  rise  in  the  tubes ;  but  the  spirit  of  wine 
will  ascend  highest. 

CAROLINE. 

ITow  rapidly  it  expands!  Now  it  has  nearly 
reached  the  top  of  the  tube,  though  the  water  has 
hardly  begun  to  rise. 

EMILY. 

The  water  now  begins  to  dilate.  Are  not  these 
glass  tubes,  with  liquids  rising  within  them,  very 
like  thermometers  ? 

MRS.  B. 

A  thermometer  is  constructed  exactly  on  the 
same  principle,  and  these  tubes  require  only  a  scale 
to  answer  the  purpose  of  thermometers ;  but  they 
would  be  rather  awkward  in  their  dimensions.  The 
tubes  and  bulbs  of  thermometers,  though  of  various 
sizes,  are  in  general  much  smaller  than  these ;  the 
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tube,  too,  is  hermetically  closed,  and  the  air  ex¬ 
cluded  from  it.  The  fluid  most  generally  used  in 
thermometers  is  mercury,  commonly  called  quick¬ 
silver,  the  dilatations  and  contractions  of  which 
correspond  more  exactty  to  the  additions  and  sub¬ 
tractions  of  caloric  than  those  of  any  other  fluid. 

CAROLINE. 

Yet  I  have  often  seen  coloured  spirits  of  wine 
used  in  thermometers. 

MRS.  B. 

The  expansions  and  contractions  of  that  liquid 
are  not  quite  so  uniform  as  those  of  mercury ;  but 
in  cases  in  which  it  is  not  requisite  to  ascertain  the 
temperature  with  great  precision,  spirit  of  wine 
will  answer  the  purpose  equally  well,  and  indeed 
in  some  respects  better,  as  the  expansion  of  the 
latter  is  greater,  and  therefore  more  evident.  This 
fluid  is  used  likewise  in  situations  and  experiments 
in  which  mercury  would  be  frozen ;  for  mercury 
becomes  a  solid  body,  like  a  piece  of  lead  or  any 
other  metal,  at  a  certain  degree  of  cold :  but  no 
degree  of  cold  has  ever  been  known  to  freeze  spirit 
of  wine. 

A  thermometer,  therefore,  consists  of  a  tube  with 
a  bulb,  such  as  you  see  here,  containing  a  fluid 
whose  degrees  of  dilatation  and  contraction  are 
shown  by  a  scale  to  which  the  tube  is  fixed.  The 
degree  which  indicates  the  boiling  point  simply 
means,  that  when  the  fluid  is  sufficiently  dilated  to 
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rise  to  this  point,  the  heat  is  such  that  water  ex¬ 
posed  to  the  same  temperature  will  boil.  When, 
on  the  other  hand,  the  fluid  is  so  much  condensed 
as  to  sink  to  the  freezing  point,  we  know  that  water 
will  freeze  at  that  temperature.  The  extreme 
points  of  the  scales  are  not  the  same  in  all  thermo¬ 
meters,  nor  are  the  degrees  always  divided  in  the 
same  manner.  In  different  countries  philosophers 
have  chosen  to  adopt  different  scales  and  divisions. 
The  two  thermometers  most  used  are  those  of 
F ahrenheit  and  of  Reaumur ;  the  first  is  generally 
preferred  by  the  English,  the  latter  by  the  French. 

EMILY. 

The  variety  of  scale  must  be  very  inconvenient, 
and  I  should  think  liable  to  occasion  confusion, 
when  French  and  English  experiments  are  com¬ 
pared. 

MRS.  B. 

The  inconvenience  is  but  trifling,  because  the 
different  gradations  of  the  scales  do  not  affect 
the  principles  upon  which  thermometers  are  con¬ 
structed.  When  we  know,  for  instance,  that  Fah¬ 
renheit’s  scale  is  divided  into  212  degrees,  in  which 
32°  corresponds  with  the  freezing  point,  and  212° 
with  the  point  of  boiling  water ;  and  that  Reaumur’s 
is  divided  only  into  80  degrees,  in  which  0°  denotes 
the  freezing  point,  and  80°  that  of  boiling  water,  it 
is  easy  to  compare  the  two  scales  together,  and  re¬ 
duce  the  one  into  the  other.  But,  for  greater  con¬ 
venience,  thermometers  are  sometimes  constructed 
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with  both  these  scales,  one  on  either  side  of  the 
tube ;  so  that  the  correspondence  of  the  different 
degrees  of  the  two  scales  is  thus  instantly  seen. 
Here  is  one  of  those  scales  (Plate  II.  fig.  1.),  by 
which  you  can  at  once  perceive  that  each  degree 
of  Reaumur’s  corresponds  to  2^  of  Fahrenheit’s 
division.  But  the  French  have,  of  late,  adopted 
another  scale  which  they  call  the  centigrade,  in 
which  the  space  between  the  freezing  and  the 
boiling  point  is  divided  into  100  degrees. 

CAROLINE. 

That  seems  to  me  the  most  reasonable  division, 
and  I  cannot  guess  why,  in  F ahrenheit’s  scale,  the 
freezing  point  is  called  32°. 

MRS.  B. 

It  originated  in  a  mistaken  opinion  of  the  in¬ 
strument-maker,  Fahrenheit,  who  first  constructed 
this  thermometer.  He  mixed  snow  and  salt  to¬ 
gether,  and  produced  by  that  means  a  degree  of 
cold  which  he  concluded  was  the  greatest  possible, 
and  therefore  made  his  scale  begin  from  that 
point.  Between  that  and  boiling  water  he  made 
212  degrees,  and  the  freezing  point  was  found  to 
be  at  32°. 

EMILY. 

Are  spirit  of  wine  and  mercury  the  only  liquids 
used  in  the  construction  of  barometers  ? 

MRS.  B. 

I  believe  they  are  the  only  liquids  now  in  use ; 
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though  some  others,  such  as  linseed-oil,  would 
make  tolerable  thermometers:  but  for  experiments 
in  which  a  very  quick  and  delicate  test  of  the 
changes  of  temperature  is  required,  air  is  the  fluid 
usually  employed.  The  bulb  in  air  thermome¬ 
ters  is  filled  with  common  air  only,  and  its  expan¬ 
sion  and  contraction  are  indicated  by  a  small  drop 
of  any  coloured  liquor,  suspended  within  the  tube, 
and  which  moves  up  and  down,  according  as  the 
air  within  the  bulb  and  tube  expands  or  contracts. 
But  in  general,  air  thermometers,  however  sensible 
to  changes  of  temperature,  are  not  always  perfectly 
accurate  in  their  indications,  the  coloured  liquor 
in  the  tube  being  liable  to  be  raised  or  lowered  in 
consequence  of  any  change  that  may  take  place  in 
the  pressure  of  the  atmosphere. 

I  can,  however,  show  you  an  air  thermometer  of 
a  very  peculiar  construction,  which  is  remarkably 
well  adapted  for  some  chemical  experiments,  as  it 
is  equally  delicate  and  accurate.  (Plate  II.  fig.  2.) 

CAROLINE. 

It  looks  like  a  double  thermometer  reversed,  the 
tube  being  bent,  and  having  a  large  bulb  at  each 
extremity. 

EMILY. 

Why  do  you  call  it  an  air  thermometer  ?  the 
tube  contains  a  coloured  liquid. 


MRS.  B. 

But  observe  that  the  bulbs  are  filled  with  air,  the 
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liquid  being  confined  to  a  portion  of  the  tube,  and 
answering  only  the  purpose  of  showing,  by  its  mo¬ 
tion  in  the  tube,  the  comparative  dilatation  or  con¬ 
traction  of  the  air  within  the  bulbs,  which  afford  an 
indication  of  their  relative  temperature.  Thus,  if 
you  heat  the  bulb  A  by  the  warmth  of  your  hand, 
the  fluid  will  rise  towards  the  bulb  B,  and  the  con¬ 
trary  will  happen  if  you  reverse  the  experiment. 

But  if,  on  the  contrary,  both  tubes  are  of  the 
same  temperature,  as  is  the  case  now,  the  coloured 
liquid  suffering  an  equal  pressure  on  each  side, 
no  change  of  level  takes  place. 

CAROLINE. 

This  instrument  appears,  indeed,  uncommonly 
delicate.  The  fluid  is  set  in  motion  by  the  mere 
approach  of  my  hand  before  I  touch  it. 

MRS.  B. 

You  must  observe,  however,  that  this  thermo¬ 
meter  cannot  indicate  the  temperature  of  any  par¬ 
ticular  body,  or  of  the  medium  in  which  it  is  im¬ 
mersed  ;  it  serves  only  to  point  out  the  difference  of 
temperature  between  the  two  bulbs,  when  placed 
under  different  circumstances.  For  this  reason  it 
has  been  called  the  differential  thermometer.  You 
will  see  hereafter  to  what  particular  purposes  this 
instrument  applies. 

EMILY. 

But  do  common  thermometers  indicate  the  exact 
quantity  of  caloric  contained  either  in  the  at- 


FREE  CALORIC. 


45 


mosphere,  or  in  any  body  with  which  they  are  in 
contact  ? 

MRS.  B. 

No  ;  first,  because  there  are  other  modifications 
of  caloric  which  do  not  affect  the  thermometer : 
and,  secondly,  because  the  temperature  of  a  body, 
as  indicated  by  the  thermometer,  is  only  relative. 
When,  for  instance,  the  thermometer  remains 
stationary  at  the  freezing  point,  we  know  that  the 
atmosphere  (or  medium  in  which  it  is  placed, 
whatever  it  may  be,)  is  as  cold  as  freezing  water : 
and  when  it  stands  at  the  boiling  point,  we  know 
that  this  medium  is  as  hot  as  boiling  water :  but 
we  do  not  know  the  positive  quantity  of  heat  con¬ 
tained  either  in  freezing  or  boiling  water,  any  more 
than  we  know  the  real  extremes  of  heat  and  cold; 
and,  consequently,  we  cannot  determine  that  of 
the  body  in  which  the  thermometer  is  placed. 

CAROLINE. 

I  do  not  quite  understand  this  explanation. 

MRS.  B. 

Let  us  compare  a  thermometer  to  a  well,  in 
which  the  water  rises  to  different  heights,  accord¬ 
ing  as  it  is  more  or  less  supplied  by  the  spring 
which  feeds  it:  if  the  depth  of  the  well  is  un¬ 
fathomable,  it  must  be  impossible  to  know  the 
absolute  quantity  of  water  it  contains :  yet  we  can 
with  the  greatest  accuracy  measure  the  number  of 
feet  the  water  has  risen  or  fallen  in  the  well,  at 
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any  time,  and  consequently  know  the  precise 
quantity  of  its  increase  or  diminution,  without 
having  the  least  knowledge  of  the  whole  quantity 
of  water  it  contains. 

CAROLINE. 

Now  I  comprehend  it  very  well ;  nothing  ap¬ 
pears  to  me  to  explain  a  thing  so  clearly  as  a  com¬ 
parison. 

EMILY. 

But  will  thermometers  bear  any  degree  of  heat? 

MRS.  B. 

No:  for  if  the  temperature  were  much  above  the 
highest  degree  marked  on  the  scale  of  the  ther¬ 
mometer,  the  mercury  would  burst  the  tube  in  an 
attempt  to  ascend.  And  at  any  rate,  no  thermo¬ 
meter  can  be  applied  to  temperatures  higher  than 
the  boiling  point  of  the  liquid  used  in  its  construc¬ 
tion  ;  for  the  steam  of  the  liquid  beginning  to  boil 
would  burst  the  tube.  In  furnaces,  or  whenever 
a  very  high  temperature  is  to  be  measured,  a 
pyrometer,  invented  by  Wedgwood,  is  used  for 
that  purpose.  It  is  made  of  a  certain  composition 
of  baked  clay,  which  has  the  peculiar  property  of 
contracting  by  heat,  so  that  the  degree  of  con¬ 
traction  of  this  substance  indicates  the  temperature 
to  which  it  has  been  exposed. 

EMILY. 

But  is  it  possible  for  a  body  to  contract  by 
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heat?  I  thought  that  heat  dilated  all  bodies  what¬ 
ever. 

MRS.  B. 

This  is  not  an  exception  to  the  rule.  You  must 
recollect  that  the  bulk  of  the  clay  is  not  compared, 
whilst  hot,  with  that  which  it  has  when  cold ;  but 
it  is  from  that  change  which  the  clay  has  under¬ 
gone  by  having  been  heated,  that  the  indications  of 
this  instrument  are  derived.  This  change  consists 
in  a  commencement  of  fusion,  which  tends  to  unite 
the  particles  of  clay  more  closely,  thus  rendering 
it  less  pervious  or  spongy. 

Clay  is  to  be  considered  as  a  spongy  body 
abounding  in  interstices  or  pores,  from  its  having 
contained  water  Avhen  soft.  These  interstices  are 
by  heat  lessened,  and  would  by  extreme  heat  be 
entirely  obliterated. 

CAROLINE. 

And  how  do  you  ascertain  the  degrees  of  con¬ 
traction  of  AY edgwood’s  pyrometer  ? 

MRS.  B. 

The  dimensions  of  a  piece  of  clay  are  measured 
by  a  scale  graduated  on  the  side  of  a  tapered 
groove  formed  in  a  brass  ruler;  the  more  the  clay 
is  contracted  by  the  heat,  the  further  it  will  de¬ 
scend  into  the  narrow  part  of  the  tube. 

Before  we  quit  the  subject  of  expansion,  I  must 
observe  to  you,  that  as  liquids  expand  more  readily 
than  solids,  so  elastic  fluids,  whether  air  or  vapour, 
are  the  most  expansible  of  all  bodies. 
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It  may  appear  extraordinary,  that  all  elastic 
fluids  whatever  undergo  the  same  degree  of  expan¬ 
sion  from  equal  augmentations  of  temperature. 

EMILY. 

I  suppose,  then,  that  all  elastic  fluids  are  of  the 
same  density. 

MRS.  B. 

V ery  far  from  it ;  they  vary  in  density,  more 
than  either  liquids  or  solids.  The  uniformity  of 
their  expansibility,  which  at  first  may  appear  sin¬ 
gular,  is,  however,  readily  explained.  For  if  the 
different  susceptibilities  of  expansion  of  bodies 
arise  from  their  various  degrees  of  attraction  of 
cohesion,  no  such  difference  can  be  expected  in 
elastic  fluids,  since  in  these  the  attraction  of  cohe¬ 
sion  does  not  exist,  their  particles  being,  on  the 
contrary,  possessed  of  an  elastic  or  repulsive 
power ;  they  will  therefore  all  be  equally  expanded 
by  equal  degrees  of  caloric. 

EMILY. 

True :  as  there  is  no  power  opposed  to  the  ex¬ 
pansive  force  of  caloric  in  elastic  bodies,  its  effect 
must  be  the  same  in  all  of  them. 

MRS.  B. 

Let  us  now  proceed  to  examine  the  other  pro¬ 
perties  of  free  caloric. 

Free  caloric  always  tends  to  diffuse  itself  equally, 
that  is  to  say,  when  two  bodies  are  of  different 
temperatures,  the  warmer  gradual]  y  parts  with  its 
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heat  to  the  colder,  till  they  are  both  brought  to 
the  same  temperature.  Thus,  when  a  thermometer 
is  applied  to  a  hot  body,  it  receives  caloric ;  when 
to  a  cold  one,  it  gives  out  part  of  its  own  caloric, 
and  this  communication  continues  until  the  ther¬ 
mometer  and  the  body  arrive  at  the  same  temper¬ 
ature. 

EMILY. 

Cold,  then,  is  nothing  but  a  negative  quality, 
simply  implying  the  absence  of  heat. 

MRS.  B. 

Not  the  total  absence,  but  a  diminution  of  heat; 
for  we  know  of  no  body  in  which  some  caloric  may 
not  be  discovered. 

CAROLINE. 

But  when  I  lay  my  hand  on  this  marble  table, 
I  feel  it  positively  cold,  and  cannot  conceive  that 
there  is  any  caloric  in  it. 

MRS.  B. 

The  cold  you  experience  consists  in  the  loss  of 
caloric  that  your  hand  sustains  in  an  attempt  to 
bring  its  temperature  to  an  equilibrium  with  the 
marble.  If  you  lay  a  piece  of  ice  upon  it,  you 
will  find  that  the  contrary  effect  will  take  place ; 
the  ice  will  be  melted  by  the  heat  which  it  abstracts 
from  the  marble. 

CAROLINE. 

Is  it  not  in  this  case  the  air  of  the  room,  which, 
being  warmer  than  the  marble,  melts  the  ice  ? 

VOL.  i.  E 
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MRS.  B. 

The  air  certainly  acts  on  the  surface  which  is 
exposed  to  it,  hut  the  table  melts  that  part  with 
which  it  is  in  contact. 

CAROLINE. 

But  why  does  caloric  tend  to  an  equilibrium? 
It  cannot  be  on  the  same  principle  as  other  fluids, 
since  it  has  no  weight. 

MRS.  B. 

Very  true,  Caroline;  that  is  an  excellent  objec¬ 
tion.  You  might  also,  with  some  propriety,  object 
to  the  term  equilibrium  being  applied  to  a  body 
without  weight;  but  I  know  of  no  expression 
that  would  explain  my  meaning  so  well.  You 
must  consider  it,  however,  in  a  figurative,  rather 
than  a  literal  sense :  its  strict  meaning  is  an  equal 
diffusion.  We  cannot,  indeed,  well  say  by  what 
power  it  diffuses  itself  equally,  though  it  is  not 
surprising  that  it  should  go  from  the  parts  which 
have  the  most  to  those  which  have  the  least.  The 
best  explanation  has  been  suggested  by  Professor 
Prevost,  of  Geneva. 

According  to  this  theory,  caloric  is  composed  of 
particles  perfectly  separate  from  each  other,  every 
one  of  which  moves  with  a  rapid  velocity  in  a  cer¬ 
tain  direction.  These  directions  vary  as  much  as 
imagination  can  conceive,  the  result  of  which  is, 
that  there  are  rays  or  lines  of  particles  moving 
with  immense  velocity  in  every  possible  direction. 
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Caloric  is  thus  universally  diffused ;  so  that  when 
any  portion  of  space  happens  to  be  in  the  neigh¬ 
bourhood  of  another  which  contains  more  caloric, 
the  colder  portion  receives  a  quantity  of  calorific 
rays  from  the  latter,  sufficient  to  restore  an  equili¬ 
brium  of  temperature.  This  radiation  does  not 
only  take  place  in  free  space,  but  extends  also  to 
bodies  of  every  kind.  Thus  you  may  suppose  all 
bodies  whatever  constantlv  radiating  caloric  :  those 
that  are  of  the  same  temperature  give  out  and 
absorb  equal  quantities,  so  that  no  variation  of 
temperature  is  produced  in  them  ;  but  when  one 
body  contains  more  free  caloric  than  another,  the 
exchange  is  always  in  favour  of  the  colder  body, 
until  an  equilibrium  is  effected  ;  this  you  found  to 
be  the  case  when  the  marble  table  cooled  your 
hand,  and  again  when  it  melted  the  ice. 

CAROLINE. 

This  reciprocal  radiation  surprises  me  extremely. 
I  thought,  from  what  you  first  said,  that  the  hotter 
bodies  alone  emitted  rays  of  caloric,  which  were 
absorbed  by  the  colder;  for  it  seems  unnatural 
that  a  hot  body  should  receive  any  caloric  from  a 
cold  one,  even  though  it  should  return  a  greater 
quantity. 

MRS.  B. 

It  may  at  first  appear  so,  but  it  is  no  more  ex¬ 
traordinary  than  that  a  candle  should  send  forth 
rays  of  light  to  the  sun,  which,  you  know,  must 
necessarily  happen. 
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EMILY. 

But,  Mrs.  B.,  this  theory  does  not  accord  with 
the  opinion  that  caloric  is  not  a  body,  but  consists 
in  undulations  of  an  etherial  fluid  ;  for  if  caloric 
is  not  a  body,  it  cannot  be  radiated. 

MRS.  B. 

When  Professor  Prevost  first  suggested  the 
theory  of  radiation,  caloric  was  considered  as  a 
body  ;  but  it  is  equally  applicable  to  the  new 
theory,  for  whether  heat  be  diffused  by  material 
rays,  or  by  undulations  moving  in  straight  lines, 
the  effect  is  just  the  same. 

CAROLINE. 

Well,  Mrs.  B.,  I  wish  I  could  see  these  rays  or 
undulations  of  caloric ;  I  should  then  have  greater 
faith  in  them. 

MRS.  B. 

Will  you  give  no  credit  to  any  sense  but  that 
of  sight  ?  You  may  feel  the  caloric  which  you 
receive  from  any  body  of  a  temperature  higher 
than  your  own ;  the  loss  of  the  caloric  you  part 
with  in  return,  it  is  true,  is  not  perceptible ;  for  as 
you  gain  more  than  you  lose,  instead  of  suffering  a 
diminution,  you  are  really  making  an  acquisition 
of  caloric.  It  is  therefore  only  when  you  are 
parting  with  it  to  a  body  of  a  lower  temperature, 
that  you  are  sensible  of  the  sensation  of  cold,  be¬ 
cause  you  then  sustain  an  absolute  loss  of  caloric. 

EMILY. 

And  in  this  case  we  cannot  be  sensible  of  the 


Mf  Pictet's  Apparatus  tor  tee  Reflection  of  Heat. 


g 


w 

H 


@= 


fSj 


1 1 

§  > 

►3 

s*.  > 

1  »* 

<«  N 

? 

5  Kj 

§  o. 

§  ^C>" 

§  ^ 

R  I 

ft  t 

u  $ 

<1-5  i 


'i* 
■s * 
V 


*■£ 


si 

^  t  ^ 

^  N  J 
h  •  g 

e  g 

•3  J  £ 


®  5  J 
3-s  ^ 

*v  2* 

•  ^  »*.  ix 

^  s  ^ 
g  Tj 

cfl  V  & 

&£  '  3 

J  3  15 

<  +5 


■*< 


■§ 

& 

£ 

£ 


Published  by  lonqnuoi  & Cv.  Pcucrrwsur Row 


FREE  CALORIC. 


53 


small  quantity  of  heat  we  receive  in  exchange 
from  the  colder  body,  because  it  serves  only  to 
diminish  the  loss. 

MRS.  B. 

Very  well  indeed,  Emily.  Professor  Pictet  of 
Geneva  has  made  some  very  interesting  experi¬ 
ments,  which  prove  not  only  that  caloric  radiates 
from  all  bodies  whatever,  but  that  these  rays  may 
be  reflected,  according  to  the  laws  of  optics,  in 
the  same  manner  as  light.  I  shall  repeat  these 
experiments  before  you,  having  procured  mirrors 
fit  for  the  purpose ;  and  it  will  afford  us  an  op¬ 
portunity  of  using  the  differential  thermometer, 
which  is  particularly  well  adapted  for  these  expe¬ 
riments. — -I  first  place  an  iron  bullet  (Plate  III. 
fig.  1.),  about  two  inches  in  diameter,  and  heated 
to  a  degree  not  sufficient  to  render  it  luminous, 
in  the  focus  of  this  large  metallic  concave  mirror. 
The  rays  of  heat  which  fall  on  this  mirror  are 
reflected,  agreeably  to  the  property  of  concave 
mirrors,  in  a  parallel  direction,  so  as  to  fall  on  a 
similar  mirror,  which,  you  see,  is  placed  opposite 
to  the  first,  at  the  distance  of  about  ten  feet; 
thence  the  rays  converge  to  the  focus  of  the  se¬ 
cond  mirror,  in  which  I  place  one  of  the  bulbs  of 
this  thermometer.  Now,  observe  in  what  manner 
it  is  affected  by  the  caloric  which  is  reflected  on 
it  from  the  heated  bullet.' — The  air  is  dilated 
in  the  bulb  which  we  placed  in  the  focus  of  the 
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mirror,  and  the  liquor  rises  considerably  in  the 
opposite  leg. 

EMILY. 

But  would  not  the  same  effect  take  place,  if  the 
caloric  proceeding  from  the  heated  bullet  fell  di¬ 
rectly  on  the  thermometer,  without  the  assistance 
of  the  mirrors? 

MRS.  B. 

The  effect  would  in  that  case  be  so  trifling,  at 
the  distance  at  which  the  bullet  and  the  thermo¬ 
meter  are  from  each  other,  that  it  would  be  almost 
imperceptible.  The  mirrors,  you  know,  greatly 
increase  the  effect,  by  collecting  a  large  quantity  of 
rays  into  a  focus ;  place  your  hand  in  the  focus  of 
the  mirror,  and  you  will  find  it  much  hotter  there 
than  when  you  remove  it  nearer  to  the  bullet. 

EMILY. 

That  is  very  true ;  it  appears  extremely  singular 
to  feel  the  heat  diminish  in  approaching  the  body 
from  which  it  proceeds. 

CAROLINE. 

And  the  mirror  which  produces  so  much  heat, 
by  converging  the  rays,  is  itself  quite  cold. 

MRS.  B. 

The  same  number  of  rays  that  are  dispersed 
over  the  surface  of  the  mirror  are  collected  by  it 
into  the  focus;  but  if  you  consider  how  large  a 
surface  the  mirror  presents  to  the  rays,  and,  con¬ 
sequently,  how  much  they  are  diffused  in  com- 
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parison  to  what  they  are  at  the  focus,  which  is 
little  more  than  a  point,  I  think  you  can  no  longer 
wonder  that  the  focus  should  be  so  much  hotter 
than  the  mirror. 

The  principal  use  of  the  mirrors  in  this  experi¬ 
ment  is  to  prove  that  the  calorific  emanation  is 
reflected  in  the  same  manner  as  lio'ht. 

O 

CAROLINE. 

And  the  result,  I  think,  is  conclusive. 

MRS.  B. 

The  experiment  may  be  repeated  with  a  wax 
taper,  instead  of  the  bullet,  with  a  view  of  separ¬ 
ating  the  light  from  the  caloric.  For  this  purpose 
a  transparent  plate  of  glass  must  be  interposed 
between  the  mirrors  ;  for  light,  you  know,  passes 
with  great  facility  through  glass,  whilst  the  trans¬ 
mission  of  caloric  is  almost  wholly  impeded  by  it. 
We  shall  find,  however,  in  this  experiment,  that 
some  few  of  the  calorific  rays  pass  through  the 
glass,  together  with  the  light,  as  the  thermometer 
rises  a  little ;  but  as  soon  as  the  glass  is  removed, 
and  a  free  passage  left  to  the  caloric,  it  will  rise 
considerably  higher. 

EMILY. 

This  experiment,  as  well  as  that  of  Dr.  Her- 
schell,  proves  that  light  and  heat  may  be  separ¬ 
ated  ;  for  in  the  latter  experiment  the  separation 
was  not  perfect  any  more  than  in  that  of  Mr. 
Pictet. 
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CAROLINE. 

I  should  like  to  repeat  this  experiment,  with 
the  difference  of  substituting  a  cold  body  instead 
of  the  hot  one,  to  see  whether  cold  would  not  be 
reflected  as  well  as  heat. 

MRS.  B. 

That  experiment  was  proposed  to  Mr.  Pictet 
by  an  incredulous  philosopher  like  yourself,  and 
he  immediately  tried  it  by  substituting  a  piece  of 
ice  in  the  place  of  the  heated  bullet. 

CAROLINE. 

Well,  Mrs.  B.,  and  what  was  the  result? 

MRS.  B.  ‘ 

That  we  shall  see ;  I  have  procured  some  ice 
for  the  purpose. 

EMILY. 

The  thermometer  falls  considerably  ! 

CAROLINE. 

And  does  not  that  prove  that  cold  is  not  merely 
a  negative  quality,  implying  simply  an  inferior  de¬ 
gree  of  heat  ?  The  cold  must  be  positive ,  since  it 
is  capable  of  reflection. 

MRS.  B. 

So  it  at  first  appeared  to  Mr.  Pictet ;  but  upon 
a  little  consideration,  he  found  that  it  afforded 
only  an  additional  proof  of  the  reflection  of  heat : 
this  I  shall  endeavour  to  explain  to  you. 

According  to  Mr.  Prevost’s  theory,  we  suppose 
that  all  bodies  whatever  radiate  caloric.  I  have 
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already  observed  that  these  rays,  whether  they 
consist  of  minute  particles,  as  was  at  that  time 
supposed,  or  whether  they  are  formed  of  a  succes¬ 
sion  of  undulations,  as  is  now  believed,  are  equally 
adapted  to  this  theory.  The  thermometer  used 
in  these  experiments  we  must  consider  therefore 
as  emitting  calorific  rays  in  the  same  manner  as 
any  other  substance.  When  its  temperature  is  in 
equilibrium  with  that  of  the  surrounding  bodies, 
it  receives  as  much  caloric  as  it  parts  with,  and  no 
change  of  temperature  is  produced.  But  when 
we  introduce  a  body  of  a  lower  temperature,  such 
as  a  piece  of  ice,  which  parts  with  less  caloric  than 
it  receives,  the  consequence  is,  that  its  temperature 
is  raised,  whilst  that  of  the  surrounding  bodies  is 
proportionally  lowered. 

EMILY. 

If,  for  instance,  I  were  to  bring  a  large  piece  of 
ice  into  this  room,  the  ice  would  in  time  be  melted, 
by  absorbing  caloric  from  the  general  radiation 
which  is  going  on  throughout  the  room :  and,  as 
it  would  contribute  very  little  caloric  in  return  for 
what  is  absorbed,  the  room  would  necessarily  be 
cooled  by  it. 

MRS.  B. 

Just  so:  and  as,  in  consequence  of  the  mirrors, 
a  more  considerable  exchange  of  rays  takes  place 
between  the  ice  and  the  thermometer,  than  be¬ 
tween  these  and  any  of  the  surrounding  bodies, 
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the  temperature  of  the  thermometer  must  be  more 
lowered  than  that  of  any  other  adjacent  object. 

CAROLINE. 

I  confess  I  do  not  perfectly  understand  your 
explanation. 

MRS.  B. 

This  experiment  is  exactly  similar  to  that  made 
with  the  heated  bullet :  for,  if  we  consider  the  ther¬ 
mometer  as  the  hot  body  (which  it  certainly  is  in 
comparison  to  the  ice),  you  may  then  easily  under¬ 
stand  that  it  is  by  the  loss  of  the  caloric  which  the 
thermometer  sends  to  the  ice,  and  not  by  cold  re¬ 
ceived  from  it,  that  the  fall  of  the  mercury  is  occa¬ 
sioned  :  for  the  ice,  far  from  emitting  cold,  sends 
forth  caloric,  which  diminishes  the  loss  sustained 
by  the  thermometer. 

Let  us  say,  for  instance,  that  the  radiation  of  the 
thermometer  towards  the  ice  is  equal  to  20,  and 
that  of  the  ice  towards  the  thermometer  to  10; 
the  exchange  in  favour  of  the  ice  is  as  20  is  to  10, 
or  the  thermometer  absolutely  loses  10,  whilst  the 
ice  gains  10. 

CAROLINE. 

But  if  the  ice  actually  send  rays  of  caloric  to 
the  thermometer,  must  not  the  latter  fall  still 
lower  when  the  ice  is  removed  ? 

MRS.  B. 

No:  for  the  space  which  the  ice  occupied  ad¬ 
mits  caloric  from  all  the  surrounding  bodies  to 
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pass  through  it ;  and  those,  being  of  the  same  tem¬ 
perature  as  the  thermometer,  will  not  affect  it, 
because  as  much  heat  now  returns  to  the  ther¬ 
mometer  as  comes  from  it. 

CAROLINE. 

I  must  confess  that  you  have  explained  this  in 
so  satisfactory  a  manner,  that  I  cannot  help  being 
convinced  now  that  cold  lias  no  real  claim  to  the 
rank  of  a  positive  being. 

MRS.  B. 

Before  I  conclude  the  subject  of  radiation,  I 
must  observe  to  you  that  different  bodies  (or 
rather  surfaces)  possess  the  power  of  radiating 
caloric  in  very  different  degrees. 

Some  curious  experiments  have  been  made  by 
Mr.  Leslie  on  this  subject ;  and  it  was  for  this 
purpose  that  he  invented  the  differential  thermo¬ 
meter  :  with  its  assistance  he  ascertained  that 
black  surfaces  radiate  most,  glass  next,  and  po¬ 
lished  surfaces  the  least  of  all. 

EMILY. 

Supposing  these  surfaces,  of  course,  to  be  all  of 
the  same  temperature. 

MRS.  B. 

Lndoubtedly.  I  will  now  show  you  the  very 
simple  and  ingenious  apparatus,  by  means  of  which 
he  made  these  experiments.  This  cubical  tin  vessel, 
or  canister,  has  each  of  its  sides  externally  covered 
m  ith  different  materials ;  the  one  is  simply  black- 
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ened ;  the  next  is  covered  with  white  paper  ;  the 
third  with  a  pane  of  glass ;  and  in  the  fourth  the 
polished  tin  surface  remains  uncovered.  We  shall 
fill  this  vessel  with  hot  water,  so  that  there  can  be 
no  doubt  but  that  all  its  sides  will  be  of  the  same 
temperature.  Now  let  us  place  it  in  the  focus  of  one 
of  the  mirrors,  making  each  of  its  sides  front  it  in 
succession.  We  shall  begin  with  the  black  surface. 

CAROLINE. 

It  makes  the  thermometer,  which  is  in  the  focus 
of  the  other  mirror,  rise  considerably. — Let  us 
turn  the  paper  surface  towards  the  mirror.  The 
thermometer  falls  a  little,  therefore  of  course  this 
side  cannot  give  out  so  much  caloric  as  the  black¬ 
ened  side. 

EMILY. 

This  is  very  surprising;  for  the  sides  are  exactly 
of  the  same  size,  and  being  heated  by  the  same 
water,  must  be  of  the  same  temperature.  But  let 
us  try  the  glass  surface. 

MRS.  B. 

The  thermometer  continues  falling ;  and  with 
the  polished  tin  surface  it  falls  still  lower:  these  two 
surfaces,  therefore,  radiate  less  and  less  caloric. 

CAROLINE. 

I  think  I  have  found  out  the  reason  of  this. 

MRS.  B. 

I  should  be  very  happy  to  hear  it,  for  it  has  not 
yet  (to  my  knowledge)  been  accounted  for. 
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CAROLINE. 

The  water  within  the  vessel  gradually  cools,  and 
the  thermometer  in  consequence  gradually  falls. 

MRS.  B. 

It  is  true  that  the  water  cools,  but  certainly  in 
much  less  proportion  than  the  thermometer  de¬ 
scends,  as  you  will  perceive  if  you  now  change  the 
tin  surface  for  the  black  one. 

CAROLINE. 

I  was  mistaken,  certainly ;  for  the  thermometer 
rises  again  now  that  the  black  surface  fronts  the 
mirror;  and  yet  the  water  in  the  vessel  is  still 
cooling. 

EMILY. 

I  am  surprised  that  the  tin  surface  should  give 
out  the  least  caloric ;  for  a  metallic  vessel  tilled 
with  hot  water,  a  silver  tea-pot,  for  instance,  feels 
much  hotter  to  the  hand  than  one  of  black  earthen¬ 
ware. 


MRS.  B. 

That  is  owing  to  the  different  power  which 
various  bodies  possess  for  conducting  caloric,  a 
property  which  we  shall  presently  examine.  Thus, 
although  a  metallic  vessel  feels  warmer  to  the  hand, 
it  is  known  to  preserve  the  heat  of  the  liquid  within 
better  than  one  of  any  other  materials ;  it  is  for 
this  reason  that  a  silver  tea-pot  makes  better  tea 
than  one  of  earthenware. 
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EMILY. 

Yes ;  the  earthenware  tea-pot  loses  more  heat 
by  radiation,  than  the  silver  one  by  its  conducting 
power.  According  to  these  experiments,  light - 
coloured  dresses,  in  cold  weather,  should  keep  us 
warmer  than  black  clothes,  since  the  latter  radiate 
so  much  more  than  the  former. 

MRS.  B. 

And  that  is  actually  the  case. 

EMILY. 

This  property  of  different  surfaces  to  radiate  in 
different  degrees,  appears  to  me  to  be  at  variance 
with  the  equal  diffusion  of  caloric ;  since  it  would 
imply  that  those  bodies  which  radiate  most  must 
ultimately  become  coldest. 

Suppose  that  we  were  to  vary  this  experiment, 
by  using  two  metallic  vessels  full  of  boiling  water, 
the  one  blackened,  the  other  not ;  would  not  the 
black  one  cool  first  ? 

CAROLINE. 

True ;  but  when  they  were  both  brought  down 
to  the  temperature  of  the  room,  the  interchange  of 
caloric  between  the  canisters  and  the  other  bodies 
of  the  room  being  then  equal,  their  temperatures 
would  remain  the  same. 

EMILY. 

I  do  not  see  why  that  should  be  the  case ;  for  if 
different  surfaces  of  the  same  temperature  radiate 
in  different  degrees  when  heated,  why  should  they 
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not  continue  to  do  so  when  cooled  down  to  the 
temperature  of  the  room  ? 

MRS.  B. 

You  have  started  a  difficulty,  Emily,  which  cer¬ 
tainly  requires  explanation.  It  is  found  by  expe¬ 
riment  that  the  power  of  absorption  corresponds 
with  and  is  proportional  to  that  of  radiation ;  so 
that  under  equal  temperatures,  bodies  compensate 
for  the  greater  loss  they  sustain  in  consequence  of 
their  greater  radiation  by  their  greater  absorption ; 
and  if  you  were  to  make  your  experiment  in  an 
atmosphere  heated,  like  the  canisters,  to  the  tem¬ 
perature  of  boiling  water,  though  it  is  true  that  the 
canisters  would  radiate  in  different  degrees,  no 
change  of  temperature  would  be  produced  in  them, 
because  they  would  each  absorb  caloric  in  propor¬ 
tion  to  their  respective  radiation. 

EMILY. 

But  would  not  the  canisters  of  boiling  water  also 
absorb  caloric  in  different  degrees  in  a  room  of  the 
common  temperature  ? 

MRS.  B. 

Undoubtedly  they  would.  But  the  various  bodies 
in  the  room  would  not,  at  a  lower  temperature, 
furnish  either  of  the  canisters  with  a  sufficiency  of 
caloric  to  compensate  for  the  loss  they  undergo ; 
for,  suppose  the  black  canister  to  absorb  400  rays 
of  caloric,  whilst  the  metallic  one  absorbed  only 
200:  yet  if  the  former  radiate  800,  whilst  the  latter 
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radiates  only  400,  the  black  canister  will  be  the 
first  cooled  down  to  the  temperature  of  the  room. 
But  from  the  moment  the  equilibrium  of  tempera¬ 
ture  has  taken  place,  the  black  canister  both  re¬ 
ceiving  and  giving  out  400  rays,  and  the  metallic 
one  200,  no  change  of  temperature  will  take  place. 

EMILY. 

I  now  understand  it  extremely  well.  But  what 
becomes  of  the  surplus  of  calorific  rays,  which  good 
radiators  emit  and  bad  radiators  refuse  to  receive : 
they  must  wander  about  in  search  of  a  resting- 
place. 

MRS.  B. 

They  really  do  so ;  for  they  are  rejected  and  sent 
back,  or,  in  other  words,  reflected  by  the  bodies 
which  are  bad  radiators  of  caloric ;  and  they  are 
thus  transmitted  to  other  bodies  which  happen  to 
lie  in  their  way,  by  which  they  are  either  absorbed 
or  again  reflected,  according  as  the  property  of 
reflection  or  that  of  absorption  predominates  in 
these  bodies. 

CAROLINE. 

I  do  not  well  understand  the  difference  between 
radiating  and  reflecting  caloric ;  for  the  caloric  that 
is  reflected  from  a  body  proceeds  from  it  in  straight 
lines,  and  may  surely  be  said  to  radiate  from  it. 

MRS.  B. 

It  is  true  that  there  at  first  appears  to  be  a  great 
analogy  between  radiation  and  reflection ,  as  they 
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equally  convey  the  idea  of  the  transmission  of 
caloric.  But  if  you  consider  a  little,  you  will 
perceive  that  when  a  body  radiates  caloric,  the 
heat  which  it  emits  not  only  proceeds  from,  but 
has  its  origin  in,  the  body  itself.  Whilst,  when  a 
body  reflects  caloric,  it  parts  with  none  of  its  own 
caloric,  but  only  reflects  that  which  it  receives 
from  other  bodies. 

EMILY. 

Of  this  difference  we  have  very  striking  examples 
before  us,  in  the  tin  vessel  of  water,  and  the  con¬ 
cave  mirrors;  the  first  radiates  its  own  heat,  the 
latter  reflect  the  heat  which  they  receive  from 
other  bodies. 

CAROLINE. 

Now  that  I  understand  the  difference,  it  no 
longer  surprises  me  that  bodies  which  radiate,  or 
part  with  their  own  caloric  freely,  should  not  have 
the  power  of  transmitting  with  equal  facility  that 
which  they  receive  from  other  bodies. 

EMILY. 

Yet  no  body  can  be  said  to  possess  caloric  of  its 
own,  if  all  caloric  is  originally  derived  from  the 
sun. 

MRS.  B. 

When  I  speak  of  a  body  radiating  its  own  calo¬ 
ric,  I  mean  that  which  it  has  absorbed  and  incor¬ 
porated  either  immediately  from  the  sun’s  rays,  or 
through  the  medium  of  any  other  substance. 

VOL.  I.  F 
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CAROLINE. 

It  seems  natural  enough  that  the  power  of  ab¬ 
sorption  should  be  in  opposition  to  that  of  reflec¬ 
tion  ;  for  the  more  caloric  a  body  receives,  the  less 
it  will  reject. 

EMILY. 

And  equally  so  that  the  power  of  radiation 
should  correspond  with  that  of  absorption.  It  is,  in 
fact,  cause  and  effect :  for  a  body  cannot  radiate 
heat  without  having  previously  absorbed  it;  just 
as  a  spring  that  is  well  fed  flows  abundantly. 

MRS.  B. 

Fluids  are  in  general  very  bad  radiators  of  calo¬ 
ric  :  and  air  neither  radiates  nor  absorbs  caloric  in 
any  sensible  degree. 

We  have  not  yet  concluded  our  observations  on 
free  caloric.  But  I  shall  defer  till  our  next  meet¬ 
ing  what  I  have  further  to  say  on  this  subject.  I 
believe  it  will  afford  us  ample  matter  for  another 
conversation. 
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CONTINUATION  OF  THE  SUBJECT. 


MRS.  B. 

In  our  last  conversation  we  began  to  examine  the 
tendency  of  caloric  to  restore  an  equilibrium  of 
temperature.  This  property,  when  once  well  under¬ 
stood,  affords  the  explanation  of  a  great  variety  of 
facts  which  appeared  formerly  unaccountable.  You 
must  observe,  in  the  first  place,  that  the  effect  of 
this  tendency  is  gradually  to  bring  all  bodies  that 
are  in  contact  to  the  same  temperature.  Thus, 
the  fire  which  burns  in  the  grate  communicates  its 
heat  from  one  object  to  another,  till  every  part  of 
the  room  has  an  equal  proportion  of  it. 

EMILY. 

And  yet  this  book  is  not  so  cold  as  the  table  on 
which  it  lies,  though  both  are  at  an  equal  distance 
from  the  fire,  and  actually  in  contact  with  each 
other ;  so  that,  according  to  your  theory,  they 
should  be  exactly  of  the  same  temperature. 

CAROLINE. 

And  the  hearth,  which  is  much  nearer  the  fije 
than  the  carpet  rug,  is  certainly  the  colder  of  the 
two. 

F  2 


68 


FREE  CALORIC. 


MRS.  B. 

If  you  ascertain  the  temperature  of  these  several 
bodies  by  a  thermometer  (which  is  a  much  more 
accurate  test  than  your  feeling),  you  will  find  that 
it  is  exactly  the  same. 

CAROLINE. 

But  if  they  are  of  the  same  temperature,  why 
should  the  one  feel  colder  than  the  other  ? 

MRS.  B. 

The  hearth  and  the  table  feel  colder  than  the 
carpet  or  the  book,  because  the  latter  are  not  such 
good  conductors  of  heat  as  the  former.  Caloric 
finds  a  more  easy  passage  through  marble  and 
wood,  than  through  leather  and  worsted ;  the  two 
former  will  therefore  absorb  heat  more  rapidly  from 
your  hand,  and  consequently  give  it  a  stronger  sen¬ 
sation  of  cold,  than  the  two  latter,  although  they 
are  all  of  them  really  of  the  same  temperature. 

CAROLINE. 

So,  then,  the  sensation  I  feel  on  touching  a  cold 
body  is  in  proportion  to  the  rapidity  with  which 
my  hand  yields  its  heat  to  that  body. 

MRS.  B. 

Precisely  ;  and  if  you  lay  your  hand  successively 
on  every  object  in  the  room,  you  will  discover 
which  are  good  and  which  are  bad  conductors  of 
heat,  by  the  different  degrees  of  cold  you  feel. 
But,  in  order  to  ascertain  this  point,  it  is  necessary 
that  the  several  substances  should  be  of  the  same 
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temperature,  which  will  not  be  the  case  with  those 
that  are  very  near  the  fire,  or  those  that  are  exposed 
to  a  current  of  cold  air  from  a  window  or  door. 

EMILY. 

And  pray  what  is  the  reason  that  some  bodies 
arc  better  conductors  of  heat  than  others  ? 

MRS.  B. 

This  a  point  not  well  ascertained.  It  has  been 
conjectured  that  a  certain  union  or  adherence  takes 
place  between  the  caloric  and  the  particles  of  the 
body  through  which  it  passes.  If  this  adherence 
be  strong,  the  body  detains  the  heat,  and  parts 
with  it  slowly  and  reluctantly ;  if  slight,  it  propa¬ 
gates  it  freely  and  rapidly.  The  conducting  power 
of  a  body  is  therefore  inversely  as  its  tendency  to 
unite  with  caloric. 

EMILY. 

That  is  to  say,  that  the  best  conductors  are  those 
which  have  the  least  affinity  for  caloric. 

MRS.  B. 

Yes;  but  the  term  affinity  is  objectionable  in 
this  case,  because,  as  that  word  is  used  to  express 
a  chemical  attraction  (which  can  be  destroyed  only 
by  decomposition),  it  cannot  be  applicable  to  the 
slight  and  transient  union  that  takes  place  between 
free  caloric  and  the  bodies  through  which  it  passes ; 
an  union  which  is  so  weak,  that  it  constantly  yields 
to  the  tendency  which  caloric  has  to  an  equilibrium. 
Now  you  clearly  understand  that  the  passage  of 


70 


FREE  CALORIC. 


caloric  through  bodies  which  are  good  conductors 
is  much  more  rapid  than  through  those  which  are 
bad  conductors,  and  that  the  former  both  give  and 
receive  it  more  quickly,  and  therefore,  in  a  given 
time,  more  abundantly,  than  bad  conductors,  which 
makes  them  feel  either  hotter  or  colder,  though  they 
may  be,  in  fact,  both  of  the  same  temperature. 

CAROLINE. 

Yes,  I  understand  it  now;  the  table,  and  the 
book  lying  upon  it,  being  really  of  the  same  tem¬ 
perature,  would  each  receive,  in  the  same  space 
of  time,  the  same  quantity  of  heat  from  my  hand, 
were  their  conducting  powers  equal ;  but  as  the 
table  is  the  best  conductor  of  the  two,  it  will  ab¬ 
sorb  the  heat  from  my  hand  more  rapidly,  and 
consequently  produce  a  stronger  sensation  of  cold 
than  the  book. 

MRS.  B. 

Very  well,  my  dear;  and  observe,  likewise,  that 
if  you  were  to  heat  the  table  and  the  book  an  equal 
number  of  degrees  above  the  temperature  of  your 
hand,  the  table,  which  before  felt  the  colder,  would 
now  feel  the  hotter  of  the  two ;  for  as  in  the  first 
case  it  took  the  heat  most  rapidly  from  you,  so  it 
will  now  impart  heat  most  rapidly  to  you.  Thus 
the  marble  table,  which  seems  to  us  colder  than 
the  mahogany  one,  will  prove  the  hotter  of  the 
two  to  the  ice :  for,  if  it  take  heat  more  rapidly 
from  our  hands,  which  are  warmer,  it  will  give  out 
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heat  more  rapidly  to  the  ice,  which  is  colder.  Do 
you  understand  the  reason  of  these  apparently 
opposite  effects  ? 

EMILY. 

Perfectly.  A  body  which  is  a  good  conductor 
of  caloric  affords  it  a  free  passage;  so  that  it 
penetrates  through  that  body  more  rapidly  than 
through  one  which  is  a  bad  conductor :  and,  con¬ 
sequently,  if  it  is  colder  than  your  hand,  you  lose 
more  caloric,  and  if  it  is  hotter,  you  gain  more  than 
with  a  bad  conductor  of  the  same  temperature. 

MRS.  B. 

But  you  must  observe  that  this  is  the  case  only 
when  the  conductors  are  either  hotter  or  colder 
than  your  hand ;  for,  if  you  heat  different  con¬ 
ductors  to  the  temperature  of  your  hand,  they 
will  all  feel  equally  warm,  since  the  exchange  of 
caloric  between  bodies  of  the  same  temperature  is 
equal.  Now,  can  you  tell  me  why  flannel  clothing, 
which  is  a  very  bad  conductor  of  heat,  prevents 
our  feeling  cold  ? 

CAROLINE. 

It  prevents  the  cold  from  penetrating - 

MRS.  B. 

But  you  forget  that  cold  is  only  a  negative 
quality. 

CAROLINE. 

True ;  it  only  prevents  the  heat  of  our  bodies 
from  escaping  so  rapidly  as  it  would  otherwise  do. 
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MRS.  B. 

Now  you  have  explained  it  rightly :  flannel  keeps 
in  the  heat,  instead  of  keeping  out  the  cold.  Were 
the  atmosphere  of  a  higher  temperature  than  our 
bodies,  it  would  be  equally  efficacious  in  keeping 
their  temperature  at  the  same  degree,  as  it  would 
prevent  the  free  access  of  the  external  heat,  by  the 
difficulty  with  which  it  conducts  it. 

EMILY. 

This,  I  think,  is  very  clear.  Heat,  whether  ex¬ 
ternal  or  internal,  cannot  easily  penetrate  flannel ; 
therefore  in  cold  weather  it  keeps  us  warm ;  and  if 
the  weather  were  hotter  than  our  bodies,  it  would 
keep  us  cool. 

MRS.  B. 

The  most  dense  bodies  are,  generally  speaking, 
the  best  conductors  of  heat ;  probably  because  the 
denser  the  body,  the  greater  are  the  number  of 
points  or  particles  which  come  in  contact  with 
caloric.  At  the  common  temperature  of  the  at¬ 
mosphere  a  piece  of  metal  will  feel  much  colder 
than  a  piece  of  wood,  and  the  latter  than  a  piece 
of  woollen  cloth ;  this  again  will  feel  colder  than 
flannel ;  and  down,  which  is  one  of  the  lightest,  is 
at  the  same  time  one  of  the  warmest  bodies. 

CAROLINE. 

This  is,  no  doubt,  the  reason  that  the  plumage 
of  birds  preserves  them  so  effectually  from  the  in¬ 
fluence  of  cold  in  winter  ? 
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MRS.  B. 

1  cs ;  feathers  in  general  are  an  excellent  pre¬ 
servative  against  cold;  but  none  so  much  so  as 
down,  which  is  a  kind  of  plumage  peculiar  to 
aquatic  birds,  and  covers  their  chest,  the  part  most 
exposed  to  the  water ;  for  though  the  surface  of 
the  water  is  not  of  a  lower  temperature  than  the 
atmosphere,  yet,  as  it  is  a  better  conductor  of  heat 
it  feels  much  colder,  consequently  the  chest  of  the 
bird  requires  a  warmer  covering  than  any  other 
part  of  its  body.  Besides,  the  breasts  of  aquatic 
birds  are  exposed  to  cold,  not  only  from  the  tem¬ 
perature  of  the  water,  but  also  from  the  velocity 
with  which  the  breast  of  the  bird  strikes  against 
it ;  and  likewise  from  the  rapid  evaporation  occa¬ 
sioned  by  the  air  against  which  it  strikes,  after  it 
has  been  moistened  by  dipping  from  time  to  time 
into  the  water. 

If  you  hold  a  finger  of  one  hand  motionless  in  a 
glass  of  water,  and  at  the  same  time  move  a  finder 
of  the  other  hand  swiftly  through  water  of  the 
same  temperature,  a  different  sensation  will  be 
soon  perceived  in  the  different  fingers. 

Most  animal  substances,  especially  those  which 
Providence  has  assigned  as  a  covering  for  animals, 
such  as  fur,  wool,  hair,  skin,  &c.,  are  bad  con¬ 
ductors  of  heat,  and  are,  on  that  account,  such 
excellent  preservatives  against  the  inclemency  of 
winter,  that  our  warmest  apparel  is  made  of  these 
materials. 
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EMILY. 

Wood,  I  suppose,  is  not  so  good  a  conductor  as 
metal :  and  it  is  for  that  reason,  no  doubt,  that 
silver  teapots  have  always  wooden  handles  ? 

MRS.  B. 

Yes;  and  it  is  the  facility  with  which  metals 
conduct  caloric  that  made  you  suppose  that  a 
silver  pot  radiated  more  caloric  than  an  earthen 
one.  The  silver  pot  is,  in  fact,  hotter  to  the  hand 
when  in  contact  with  it ;  but  it  is  because  its  con¬ 
ducting  power  more  than  counterbalances  its  de¬ 
ficiency  in  regard  to  radiation. 

We  have  observed  that  the  most  dense  bodies 
are  in  general  the  best  conductors ;  and  metals, 
you  know,  are  of  that  class.  Porous  bodies,  such 
as  the  earths  and  wood,  are  worse  conductors, 
chiefly,  I  believe,  on  account  of  their  pores  being 
filled  with  air :  for  air  is  a  remarkably  bad  con¬ 
ductor. 

CAROLINE. 

It  is  a  very  fortunate  circumstance  that  air  should 
be  a  bad  conductor,  as  it  tends  to  preserve  the  heat 
of  the  body  when  exposed  to  cold  weather. 

MRS.  B. 

It  is  one  of  the  many  benevolent  dispensations 
of  Providence,  in  order  to  soften  the  inclemency 
of  the  seasons,  and  to  render  almost  all  climates 
habitable  to  man. 

In  fluids  of  different  densities,  the  power  of 
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conducting  liGtit  varies  no  less  remarkably  :  if  you 
dip  your  hand  into  this  vessel  full  of  mercury,  you 
will  scarcely  conceive  that  its  temperature  is  not 
lower  than  that  of  the  atmosphere. 

CAROLINE. 

Indeed,  I  know  not  how  to  believe  it,  it  feels  so 
extremely  cold.  But  we  may  easily  ascertain  its 
true  temperature  by  the  thermometer.  It  is  really 
not  colder  than  the  air; — the  apparent  difference, 
then,  is  produced  merely  by  the  difference  of  the 
conducting  power  in  mercury  and  in  air. 

MRS.  B. 

Yes;  hence  you  may  judge  how  little  the  sense 
of  feeling  is  to  be  relied  on  as  a  test  of  the  tem- 
perature  of  bodies,  and  how  necessary  a  thermo¬ 
meter  is  for  that  purpose. 

It  has  indeed  been  doubted  whether  fluids  have 
the  power  of  conducting  caloric  in  the  same  man¬ 
ner  as  solid  bodies.  Count  Bumford,  a  very  few 
years  since,  showed,  by  a  variety  of  experiments, 
that  fluids,  when  at  rest,  were  not  endowed  with 
this  property. 

CAROLINE. 

flow  is  that  possible,  since  they  are  capable  of 
imparting  cold  or  heat  to  us  ;  for  if  they  did  not 
conduct  heat,  they  would  neither  take  it  from,  nor 
give  it  to  us  ? 

MRS.  B. 

Count  Bumford  did  not  mean  to  say  that  fluids 
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would  not  communicate  their  heat  to  solid  bodies  ; 
but  only  that  it  is  not  transmitted  from  one  par- 
tide  of  a  fluid  to  another,  in  the  same  manner  as 
in  solid  bodies. 

EMILY. 

But  when  you  heat  a  vessel  of  water  over  the 
fire,  if  the  particles  of  water  do  not  communicate 
heat  to  each  other,  how  does  the  water  become  hot 
throughout  ? 

MRS.  B. 

By  constant  agitation.  Water,  as  you  have 
seen,  expands  by  heat  in  the  same  manner  as  solid 
bodies;  the  heated  particles  of  water,  therefore, 
at  the  bottom  of  the  vessel,  become  specifically 
lighter  than  the  rest  of  the  liquid,  and  conse¬ 
quently  ascend  to  the  surface,  where,  parting  with 
some  of  their  heat  to  the  colder  atmosphere,  they 
are  condensed,  and  give  way  to  a  fresh  succession 
of  heated  particles  ascending  from  the  bottom, 
which,  having  thrown  off  their  heat  at  the  surface, 
are  in  their  turn  displaced.  Thus  every  particle 
is  successively  heated  at  the  bottom,  and  cooled  at 
the  surface  of  the  liquid  ;  but  as  the  fire  commu¬ 
nicates  heat  more  rapidly  than  the  atmosphere  cools 
the  succession  of  surfaces,  the  whole  of  the  liquid 
in  time  becomes  heated. 


CAROLINE. 

This  accounts  most  ingeniously  for  the  propa¬ 
gation  of  heat  upwards.  But  suppose  you  were 
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to  heat  the  upper  surface  of  a  liquid,  the  particles, 
being  specifically  lighter  than  those  below,  could 
not  descend :  how,  therefore,  would  the  heat  be 
communicated  downwards  ? 

MRS.  B. 

If  there  were  no  agitation  to  force  the  heated 
surface  downwards,  the  heat  would  not  descend. 
In  proof  of  this,  Count  Itumford  succeeded  in 
making  the  upper  surface  of  a  vessel  of  water  boil 
and  evaporate,  while  a  cake  of  ice  remained  frozen 
at  the  bottom. 

CAROLINE. 

This  is  very  extraordinary  indeed  ! 

MRS.  B. 

It  appears  so,  because  we  are  not  accustomed  to 
heat  liquids  by  their  upper  surface  ;  but  you  will 
understand  this  theory  better  if  I  show  you  the  in¬ 
ternal  motion  which  takes  place  in  liquids  when  they 
experience  a  change  of  temperature.  The  motion 
of  the  liquid  itself  is  indeed  invisible,  from  the  ex¬ 
treme  minuteness  of  its  particles;  but  if  you  mix 
with  it  any  coloured  dust,  or  powder,  of  nearly  the 
same  specific  gravity  as  the  liquid,  you  may  judge 
of  the  internal  motion  of  the  latter  by  that  of  the 
coloured  dust  it  contains.  Do  you  see  the  small 
pieces  of  amber  moving  about  in  the  liquid  con¬ 
tained  in  this  phial  ? 

CAROLINE. 


Yes,  perfectly. 
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MRS.  B. 

We  shall  now  immerse  the  phial  in  a  glass  of 
hot  water,  and  the  motion  of  the  liquid  will  be 
shown  by  that  which  it  communicates  to  the  amber. 

EMILY. 

I  see  two  currents,  the  one  rising  along  the  sides 
of  the  phial,  the  other  descending  in  the  centre ; 
but  I  do  not  understand  the  reason  of  this. 

MRS.  B. 

The  hot  water  communicates  its  caloric,  through 
the  medium  of  the  phial,  to  the  particles  of  the 
fluid  nearest  to  the  glass  ;  these  dilate  and  ascend 
laterally  to  the  surface,  where,  in  parting  with 
their  heat,  they  are  condensed,  and  in  descending, 
form  the  central  current. 

CAROLINE. 

This  is  indeed  a  very  clear  and  satisfactory  ex¬ 
periment  ;  but  how  much  slower  the  currents  now 
move  than  they  did  at  first ! 

MRS.  B. 

It  is  because  the  circulation  of  particles  has 
nearly  produced  an  equality  of  temperature  be¬ 
tween  the  liquid  in  the  glass  and  that  in  the  phial. 

CAROLINE. 

But  these  communicate  laterally  ;  and  I  thought 
that  heat  in  liquids  could  be  propagated  only  up¬ 
wards. 

MRS.  B. 

You  do  not  take  notice  that  the  heat  is  imparted 
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from  one  liquid  to  the  other  through  the  medium 
of  the  phial  itself,  the  external  surface  of  which 
receives  the  heat  from  the  water  in  the  glass,  whilst 
its  internal  surface  transmits  it  to  the  liquid  it 
contains.  Now  take  the  phial  out  of  the  hot  water, 
and  observe  the  effect  of  its  cooling. 

EMILY. 

The  currents  are  reversed ;  the  external  cur¬ 
rent  now  descends,  and  the  internal  one  rises.  I 
guess  the  reason  of  this  change: —the  phial  being 
in  contact  with  cold  air  instead  of  hot  water,  the 
external  particles  are  cooled  instead  of  being 
heated ;  they  therefore  descend  and  force  up  the 
central  particles,  which,  being  warmer,  are  con¬ 
sequently  lighter. 

MRS.  B. 

It  is  just  so.  Count  Rumford  hence  infers  that 
no  alteration  of  temperature  can  take  place  in  a 
fluid,  without  an  internal  motion  of  its  particles ; 
and  as  this  motion  is  produced  only  by  the  com¬ 
parative  levity  of  the  heated  particles,  heat  cannot 
be  propagated  downwards.  This  theory,  how¬ 
ever,  is  not  perfectly  correct,  for  in  subsequent 
experiments  the  temperature  of  water  has  been 
raised  by  the  application  of  heat  to  its  upper  sur¬ 
face  ;  the  effect  produced  is,  however,  extremely 
slow. 

EMILY. 

Lut  might  not  the  heat  be  communicated  by 
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the  sides  of  the  vessel  in  which  the  water  was 
contained  ? 

MRS.  B. 

No ;  for  the  vessel  consisted  of  an  excavation 
made  in  a  lump  of  ice. 

But  though  Count  Rumford’s  theory  is  not 
strictly  correct,  yet  there  is,  no  doubt,  much  truth 
in  his  observation,  that  the  communication  is 
materially  promoted  by  a  motion  of  the  parts ; 
and  this  accounts  for  the  cold  that  is  found  to 
prevail  at  the  bottom  of  the  lakes  in  Switzerland, 
which  are  fed  by  rivers  issuing  from  the  snowy 
Alps.  The  water  of  these  rivers,  being  colder,  and 
therefore  more  dense  than  that  of  the  lakes,  sub¬ 
sides  to  the  bottom,  where  it  cannot  be  affected 
by  the  warmer  temperature  of  the  surface :  the 
motion  of  the  waves  may  communicate  this  tem¬ 
perature  to  some  little  depth,  but  it  can  descend 
no  further  than  the  agitation  extends. 

EMILY. 

But  when  the  atmosphere  is  colder  than  the  lake, 
the  colder  surface  of  the  water  will  descend,  for 
the  very  reason  that  the  warmer  will  not. 

MRS.  B. 

Certainly  ;  and  it  is  on  this  account  that  neither 
a  lake,  nor  any  body  of  water  whatever,  can  be 
frozen  until  every  particle  of  the  water  has  risen 
to  the  surface  to  give  off  its  caloric  to  the  colder 
atmosphere ;  therefore  the  deeper  a  body  of  water 
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is,  the  longer  will  be  the  time  it  requires  to  be 
frozen. 

EMILY. 

But  if  the  temperature  of  the  whole  body  of 
water  be  brought  down  to  the  freezing  point,  why 
is  only  the  surface  frozen  ? 


MRS.  B. 

The  temperature  of  the  whole  body  is  lowered, 
but  not  to  the  freezing  point.  The  diminution  of 
heat,  as  you  know,  produces  a  contraction  in  the 
bulk  of  fluids,  as  well  as  of  solids.  This  effect, 
however,  does  not  take  place  in  water  below  the 
temperature  of  40  degrees,  which  is  8  degrees 
above  the  freezing  point.  At  that  temperature, 
therefore,  the  internal  motion,  occasioned  by  the 
increased  specific  gravity  of  the  condensed  par¬ 
ticles,  ceases ;  for  when  the  water  at  the  surface 
no  longer  condenses,  it  will  no  longer  descend  and 
leave  a  fresh  surface  exposed  to  the  atmosphere  : 
this  surface  alone,  therefore,  will  be  further  ex¬ 
posed  to  its  severity,  and  will  soon  be  brought 
down  to  the  freezing  point,  when  it  becomes  ice, 
which,  being  a  bad  conductor  of  heat,  preserves 
the  water  beneath  a  long  time  from  being  affected 
by  the  external  cold. 

CAROLINE. 

And  the  sea  does  not  freeze,  I  suppose,  because 
its  depth  is  so  great  that  a  frost  never  lasts  long 
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enough  to  bring  down  the  temperature  of  such  a 
great  body  of  water  to  40  degrees  ? 

MRS.  B. 

That  is  one  reason  why  the  sea  freezes  only  in 
the  most  northern  latitudes.  But,  independently 
of  this,  salt  water  does  not  freeze  till  it  is  cooled 
much  below  32  degrees ;  and  with  respect  to  the 
law  of  condensation,  salt  water  is  an  exception,  as 
it  condenses  even  many  degrees  below  the  freezing 
point.  When  the  caloric  of  fresh  water,  therefore, 
is  imprisoned  by  the  ice  on  its  surface,  the  ocean 
still  continues  throwing  off  heat  into  the  atmo¬ 
sphere  ;  which  is  a  most  signal  dispensation  of 
Providence  to  moderate  the  intensity  of  the  cold 
in  winter. 

CAROLINE. 

This  theory  of  the  non-conducting  power  of 
liquids,  does  not,  I  suppose,  hold  good  with  respect 
to  air,  otherwise  the  atmosphere  would  not  be 
heated  by  the  rays  of  the  sun  passing  through  it  ? 

MRS.  B. 

Nor  is  it  heated  in  that  way.  The  pure  atmo¬ 
sphere  is  a  perfectly  transparent  medium,  which 
neither  radiates,  absorbs,  nor  conducts  caloric,  but 
transmits  the  rays  of  the  sun  to  us  without  dimin¬ 
ishing  their  intensity  in  any  sensible  degree.  The 
air  is  therefore  not  more  heated,  by  the  sun’s  rays 
passing  through  it,  than  diamond,  glass,  water,  or 
any  other  transparent  medium. 
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CAROLINE. 

That  is  very  extraordinary !  Are  glass  windows 
not  heated,  then,  by  the  sun  shining  on  them  ? 

MRS.  B. 

Xo :  not  if  the  glass  be  perfectly  transparent. 
A  most  convincing  proof  that  glass  transmits  the 
rays  of  the  sun  without  being  heated  by  them  is 
afforded  by  the  burning  lens,  which,  by  converging 
the  rays  to  a  focus,  will  set  combustible  bodies  on 
fire,  without  its  own  temperature  being  raised. 

EMILY. 

Yet,  Mrs.  B.,  if  I  hold  a  piece  of  glass  near  the 
fire,  it  is  almost  immediately  warmed  by  it :  the 
glass,  therefore,  must  retain  some  of  the  caloric 
radiated  by  the  fire?  Is  it  that  the  solar  rays 
alone  pass  freely  through  glass  ?  It  seems  un¬ 
accountable  that  the  radiation  of  a  common  fire 
should  have  power  to  do  what  the  sun’s  rays  can¬ 
not  accomplish. 


MRS.  B. 

It  is  not  because  the  rays  from  the  fire  have 
more  power,  but  because  they  have  less,  that 
they  heat  glass  and  other  transparent  bodies.  It 
is  true,  however,  that  as  you  approach  the  source 
of  heat,  the  rays  being  nearer  each  other,  the  heat 
is  more  condensed,  and  can  produce  effects  of 
which  the  solar  rays,  from  the  great  distance  of 
their  source,  are  incapable.  Thus  we  should  find 
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it  impossible  to  roast  a  joint  of  meat  by  the  sun’s 
rays,  though  it  is  so  easily  done  by  culinary  heat. 
Yet  caloric  emanated  from  burning  bodies,  which 
is  commonly  called  culinary  heat ,  has  neither  the 
intensity  nor  the  velocity  of  solar  rays.  All  calo¬ 
ric,  we  have  said,  is  supposed  to  proceed  originally 
from  the  sun ;  but  after  having  been  incorporated 
with  terrestrial  bodies,  and  again  given  out  by 
them,  though  its  nature  is  not  essentially  altered, 
it  retains  neither  the  intensity  nor  the  velocity  with 
which  it  first  emanated  from  that  luminary ;  it  has, 
therefore,  not  the  power  of  passing  through  trans¬ 
parent  mediums,  such  as  glass  and  water,  without 
being  partially  retained  by  those  bodies. 

EMILY. 

I  recollect  that,  in  the  experiment  on  the  re¬ 
flection  of  heat,  the  glass  screen  which  you  inter¬ 
posed  between  the  burning  taper  and  the  mirror 
arrested  the  rays  of  caloric,  and  suffered  only  those 
of  light  to  pass  through  it. 

CAROLINE. 

Glass  windows,  then,  though  they  cannot  be 
heated  by  the  sun  shining  on  them,  may  be  heated 
internally  by  a  fire  in  the  room  ?  But,  Mrs.  B., 
since  the  atmosphere  is  not  warmed  by  the  solar 
rays  passing  through  it,  how  does  it  obtain  heat  ? 
for  all  the  fires  that  are  burnins;  on  the  surface 
of  the  earth  would  contribute  very  little  towards 
warming  it. 
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EMILY. 

The  radiation  of  heat  is  not  confined  to  burning; 

O 

bodies ;  for  all  bodies,  you  know,  have  that  pro¬ 
perty  :  therefore,  not  only  every  thing  upon  the 
surface  of  the  earth,  but  the  earth  itself,  must 
radiate  heat ;  and  this  terrestrial  caloric,  not 
having,  I  suppose,  sufficient  power  to  traverse  the 
atmosphere,  communicates  heat  to  it. 

MRS.  B. 

Your  inference  is  extremely  well  drawn,  Emily; 
but  the  foundation  on  which  it  rests  is  not  sound : 
for  the  fact  is,  that  terrestrial  or  culinary  heat, 
though  it  cannot  pass  through  the  denser  trans¬ 
parent  mediums,  such  as  glass  or  water,  without 
loss,  traverses  the  atmosphere  completely ;  so  that 
all  the  heat  which  the  earth  radiates,  unless  it 
meet  with  clouds  or  any  foreign  body  to  intercept 
its  passage,  passes  into  the  distant  regions  of  the 
universe. 

CAROLINE. 

What  a  pity  that  so  much  heat  should  be 
wasted ! 

MRS.  B. 

Before  you  are  tempted  to  object  to  any  law 
of  nature,  reflect  whether  it  may  not  prove  to  be 
one  of  the  numberless  dispensations  of  Providence 
for  our  good.  If  all  the  heat  which  the  earth  has 
received  from  the  sun  since  the  creation  had  been 
accumulated  in  it,  its  temperature  by  this  time 
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would,  no  doubt,  have  been  more  intense  than 
any  human  being  could  have  borne. 

CAROLINE. 

I  spoke,  indeed,  very  inconsiderately.  But, 
Mrs.  B.,  though  the  earth,  at  such  a  high  temper¬ 
ature,  might  have  scorched  our  feet,  we  should 
always  have  had  a  cool  refreshing  air  to  breathe, 
since  the  radiation  of  the  earth  does  not  heat  the 
atmosphere. 

EMILY. 

The  cool  air  would  have  afforded  but  very 
insufficient  refreshment,  whilst  our  bodies  were 
exposed  to  the  burning  radiation  of  the  earth. 

MRS.  B. 

Nor  should  we  have  breathed  a  cool  air ;  for 
though  it  is  true  that  heat  is  not  communicated  to 
the  atmosphere  by  radiation,  yet  the  air  is  warmed 
by  contact  with  heated  bodies,  in  the  same  manner 
as  solids  or  liquids.  The  stratum  of  air  which  is 
immediately  in  contact  with  the  earth  is  heated 
by  it  ;  it  becomes  specifically  lighter,  and  rises, 
making  way  for  another  stratum  of  air,  which  is,  in 
its  turn,  heated  and  carried  upwards ;  and  thus 
each  successive  stratum  of  air  is  warmed  by  coming 
in  contact  with  the  earth.  You  may  perceive  this 
effect  in  a  sultry  day,  if  you  attentively  observe 
the  strata  of  air  near  the  surface  of  the  earth  :  they 
appear  in  constant  agitation. 

CAROLINE. 

But,  Mrs.  B.,  the  air  is  invisible  ? 
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MRS.  B. 

True;  but  the  sun  shining  on  the  vapours  floating 
in  it  renders  them  visible,  like  the  amber  dust  in  the 
water.  The  temperature  of  the  surface  of  the  earth 
is  therefore  the  source  from  whence  the  atmo¬ 
sphere  derives  its  heat,  though  it  is  communicated 
neither  by  radiation,  nor  transmitted  from  one  par¬ 
ticle  of  it  to  another  by  the  conducting  power ; 
but  every  particle  of  air  must  come  in  contact 
v  ith  the  earth,  in  order  to  receive  heat  from  it. 

EMILY. 

T\  ind,  then,  by  agitating  the  air,  should  con¬ 
tribute  to  cool  the  earth  and  warm  the  atmosphere, 
by  bringing  a  more  rapid  succession  of  fresh  strata 
of  air  in  contact  with  the  earth?  and  yet  in  general 
wind  feels  cooler  than  still  air. 

MRS.  B. 

Because  the  agitation  of  the  air  carries  off  heat 
fi  om  the  suiface  of  our  bodies  more  rapidly  than 
still  air,  by  occasioning  a  greater  number  of  points- 
of  contact  in  a  given  time. 

EMILY. 

Since  it  is  from  the  earth,  and  not  the  sun, 
that  the  atmosphere  receives  its  heat,  I  no  longer 
wonder  that  elevated  regions  should  be  colder  than 
plains  and  valleys.  It  was  always  a  subject  of 
-  astonishment  to  me,  that  in  ascending  a  mountain 
and  approaching  the  sun,  the  air  became  colder 
instead  of  being  more  heated. 
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MRS.  B. 

At  the  distance  of  about  a  hundred  millions  of 
miles,  which  we  are  from  the  sun,  the  approach  of 
a  few  thousand  feet  makes  no  sensible  difference, 
whilst  it  produces  a  very  considerable  effect  with 
regard  to  the  warming  the  atmosphere  at  the  sur¬ 
face  of  the  earth. 

CAROLINE. 

Yet  as  the  warm  air  arises  from  the  earth,  and 
the  cold  air  descends  to  it,  I  should  have  supposed 
that  heat  would  have  accumulated  in  the  upper 
regions  of  the  atmosphere,  and  that  we  should 
have  felt  the  air  warmer  as  we  ascended. 

MRS.  B. 

The  atmosphere,  you  know,  diminishes  in  density, 
and  consequently  in  weight,  as  it  is  more  distant 
from  the  earth :  the  warm  air,  therefore,  rises  only 
till  it  meets  with  a  stratum  of  air  of  its  own  density, 
and  it  will  not  ascend  into  the  upper  regions  of  the 
atmosphere  until  all  the  parts  beneath  have  been 
previously  heated.  The  length  of  summer,  even 
in  warm  climates,  does  not  heat  the  air  sufficiently 
to  melt  the  whole  of  the  snow  which  has  accumu¬ 
lated  during  the  winter  on  very  high  mountains, 
although  they  are  almost  constantly  exposed  to  the 
heat  of  the  sun’s  rays,  being  too  much  elevated  to 
be  often  enveloped  in  clouds. 

EMILY. 

These  explanations  are  very  satisfactory;  but 
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allow  me  to  ask  you  one  more  question  respecting 
the  increased  levity  of  heated  liquids.  You  said 
that  when  water  was  heated  over  the  fire,  the  par¬ 
ticles  at  the  bottom  of  the  vessel  ascended  as  soon 
as  heated,  in  consequence  of  their  specific  levity ; 
why  does  not  the  same  effect  continue  when  the 
water  boils,  and  is  converted  into  steam  ?  and  why 
does  the  steam  rise  from  the  surface  instead  of  the 
bottom  of  the  liquid  ? 

MRS.  B. 

The  steam  or  vapour  does  ascend  from  the 
bottom,  though  it  seems  to  arise  from  the  surface 
of  the  liquid.  We  shall  boil  some  water  in  this 
Florence  flask  (Plate  IY.  fig.  1.),  in  order  that 
you  may  be  well  acquainted  with  the  process  of 
ebullition :  you  will  then  see,  through  the  glass, 
that  the  vapour  rises  in  bubbles  from  the  bottom. 
A\  e  shall  make  it  boil  by  means  of  a  lamp,  which 
is  more  convenient  for  this  purpose  than  the 
chimney  fire. 

EMILY. 

I  see  some  small  bubbles  ascend,  and  a  great 
many  appear  all  over  the  inside  of  the  flask  :  does 
the  water  begin  to  boil  already  ? 

MRS.  B. 

Xo :  what  you  now  see  are  bubbles  of  air,  which 
were  either  dissolved  in  the  water,  or  attached  to 
the  inner  surface  of  the  flask,  and  which,  being 
rarefied  by  the  heat,  ascend  in  the  water. 
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But  the  heat  which  rarefies  the  air  enclosed  in 
the  water  must  rarefy  the  water  at  the  same  time  ; 
therefore,  if  it  could  remain  stationary  in  the  water 
when  both  were  cold,  I  do  not  understand  why  it 
should  not  when  both  are  equally  heated. 

MRS.  B. 

Air,  being  much  less  dense  than  water,  is  more 
easily  rarefied ;  the  former,  therefore,  expands  to  a 
great  extent,  whilst  the  latter  continues  to  occupy 
nearly  the  same  space ;  for  water  dilates  compara¬ 
tively  but  very  little  without  changing  its  state 
and  becoming  vapour.  Now  that  the  water  in  the 
flask  begins  to  boil,  observe  what  large  bubbles 
rise  from  the  bottom  of  it. 

EMILY. 

I  see  them  perfectly ;  but  I  wonder  that  they 
have  sufficient  power  to  force  themselves  through 
the  water. 

CAROLINE. 

They  must  rise,  you  know,  from  their  specific 
levity. 

MRS.  B. 

You  are  right,  Caroline  :  but  vapour  has  not  in 
all  liquids  (when  brought  to  the  degree  of  vapor¬ 
isation)  the  power  of  overcoming  the  pressure  of 
the  less  heated  surface.  Metals,  for  instance,  mer¬ 
cury  excepted,  evaporate  only  from  the  surface ; 
therefore  no  vapour  will  ascend  from  them  till  the 
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degree  of  heat  which  is  necessary  to  form  it  has 
reached  the  surface ;  that  is  to  say,  till  the  whole 
of  the  liquid  is  brought  to  a  state  of  ebullition. 


EMILY. 


I  ha\e  observed  that  steam,  immediately  issuing 
from  the  spout  of  a  tea-kettle,  is  less  visible  than 
at  a  further  distance  from  it ;  yet  it  must  be  more 
dense  when  it  first  evaporates,  than  when  it  begins 
to  diffuse  itself  in  the  air. 


MRS.  B. 

TV  hen  the  steam  is  first  formed,  it  is  so  perfectly 
dissolved  by  caloric,  as  to  be  invisible.  In  order, 
however,  to  understand  this,  it  will  be  necessary 
foi  me  to  enter  into  some  explanation  respecting 
the  nature  of  solution.  Solution  takes  place 
whenever  a  body  is  melted  in  a  fluid.  In  this 
operation  the  body  is  reduced  to  such  a  minute 
state  of  division  by  the  fluid,  as  to  become  invisible 
in  it,  and  to  partake  of  its  fluidity ;  but  in  common 
solutions  this  happens  without  any  decomposition, 
the  body  being  only  divided  into  its  integrant 
particles  by  the  fluid  in  which  it  is  melted. 

CAROLINE. 

It  is,  then,  a  mode  of  destroying  the  attraction 
of  aggregation  ? 

MRS.  B. 

Undoubtedly.  The  two  principal  solvent  fluids 
are  water  and  caloric .  You  may  have  observed 
that  if  you  melt  salt  in  water  it  totally  disappears. 
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and  the  water  remains  clear  and  transparent  as 
before  ;  yet  though  the  union  of  these  two  bodies 
appears  so  perfect,  it  is  not  produced  by  any 
chemical  combination :  both  the  salt  and  the  water 
remain  unchanged ;  and  if  you  were  to  separate 
them  by  evaporating  the  latter,  you  would  find 
the  salt  in  the  same  state  as  before. 

EMILY. 

I  suppose  that  water  is  a  solvent  for  solid  bodies, 
and  caloric  for  liquids  ? 

MRS.  B. 

Liquids  of  course  can  only  be  converted  into 
vapour  by  caloric.  But  the  solvent  power  of  this 
agent  is  not  at  all  confined  to  that  class  of  bodies ; 
a  great  variety  of  solid  substances  are  dissolved  by 
heat ;  thus  metals,  which  are  insoluble  in  water, 
can  be  dissolved  by  intense  heat,  being  first  fused 
or  converted  into  a  liquid,  and  then  rarefied  into 
an  invisible  vapour.  Many  other  bodies,  such  as 
salt,  gums,  &c.,  yield  to  either  of  these  solvents. 

CAROLINE. 

And  that,  no  doubt,  is  the  reason  why  hot  water 
will  melt  them  so  much  better  than  cold  water  ? 

MRS.  B. 

It  is  so.  Caloric  may  indeed  be  considered  as 
having,  in  every  instance,  some  share  in  the  solu¬ 
tion  of  a  body  by  water,  since  water,  however  low 
its  temperature  may  be,  always  contains  more  or 
less  caloric. 
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EMILY. 

Then,  perhaps,  water  owes  its  solvent  power 
merely  to  the  caloric  contained  in  it  ? 

MRS.  B. 

That,  probably,  would  be  carrying  the  specula¬ 
tion  too  far.  I  should  rather  think  that  water  and 
caloric  unite  their  efforts  to  dissolve  a  body,  and 
that  the  difficulty  or  facility  of  effecting  this  depends 
both  on  the  degree  of  attraction  of  aggregation 
to  be  overcome,  and  on  the  arrangement  of  the 
particles  which  are  more  or  less  disposed  to  be 
divided  and  penetrated  by  the  solvent. 

EMILY. 

But  have  not  all  liquids  the  same  solvent  power 
as  water  ? 

MRS.  B. 

The  solvent  power  of  other  liquids  varies  accord¬ 
ing  to  their  nature,  and  that  of  the  substances  sub¬ 
mitted  to  their  action.  Most  of  these  solvents, 
indeed,  differ  essentially  from  water,  as  they  do  not 
merely  separate  the  integrant  particles  of  the  bodies 
which  they  dissolve,  but  attack  their  constituent 
principles  by  the  power  of  chemical  attraction, 
thus  producing  a  true  decomposition.  These  more 
complicated  operations  we  must  consider  in  another 
place,  and  confine  our  attention  at  present  to  the 
solutions  by  water  and  caloric. 

CAROLINE. 

But  there  are  a  variety  of  substances  which, 
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when  dissolved  in  water,  make  it  thick  and  muddy, 
and  destroy  its  transparency. 

MRS.  B. 

In  this  case  it  is  not  a  solution,  but  simply  a 
mixture.  I  shall  show  you  the  difference  between 
a  solution  and  a  mixture,  by  putting  some  common 
salt  into  one  glass  of  water,  and  some  powder  of 
chalk  into  another :  both  these  substances  are 
white,  but  their  effect  on  the  water  will  be  very 
different. 

\ 

CAROLINE. 

Very  different  indeed !  The  salt  entirely  disap¬ 
pears,  and  leaves  the  water  transparent,  whilst  the 
chalk  changes  it  into  an  opaque  liquid  like  milk. 

EMILY. 

And  would  lumps  of  chalk  and  salt  produce 
similar  effects  on  water  ? 

MRS.  B. 

Yes,  but  not  so  rapidly ;  salt  is,  indeed,  soon 
melted,  though  in  a  lump ;  but  chalk,  which  does 
not  mix  so  readily  with  water,  would  require  a 
much  greater  length  of  time.  I  therefore  pre¬ 
ferred  showing  you  the  experiment  with  both 
substances  reduced  to  powder,  which  does  not  in 
any  respect  alter  their  nature,  but  facilitates  the 
operation  merely  by  presenting  a  greater  quantity 
of  surface  to  the  water. 

I  must  not  forget  to  mention  a  very  curious 
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circumstance  respecting  solutions,  which  is,  that  a 
fluid  is  not  nearly  so  much  increased  in  bulk  by 
holding  a  body  in  solution,  as  it  would  by  mere 
mixture  with  the  body. 

CAROLINE. 

How  is  that  possible?  for  two  bodies  cannot 
exist  together  in  the  same  space. 

MRS.  B. 

Two  bodies  may,  by  condensation,  occupy  less 
space  when  in  union  than  when  separate  ;  and  this 
I  can  show  you  by  an  easy  experiment. 

This  phial,  which  contains  some  salt,  I  shall 
fill  with  water,  pouring  it  in  quickly,  so  as  not  to 
dissolve  much  of  the  salt ;  and  when  it  is  quite 
full  I  cork  it.  If  I  now  shake  the  phial  till  the 
salt  is  dissolved,  you  will  observe  that  it  is  no 
longer  full. 

CAROLINE. 

I  shall  try  to  add  a  little  more  salt.  But  now, 
you  see,  Mrs.  B.,  the' water  runs  over. 

MRS.  B. 

Yes ;  but  observe  that  the  last  quantity  of  salt 
you  put  in  remains  solid  at  the  bottom,  and  dis¬ 
places  the  water ;  which  has  already  melted  all  the 
salt  it  is  capable  of  holding  in  solution.  This  is 
called  the  point  of  saturation  ;  and  the  water  in 
this  case  is  said  to  be  saturated  with  salt. 

EMILY. 

I  think  I  now  understand  the  solution  of  a  solid 
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body  by  water  perfectly  ;  but  I  have  not  so  clear 
an  idea  of  a  solution  of  a  liquid  by  caloric. 

MRS.  B. 

It  is  probably  of  a  similar  nature  ;  but  as  caloric 
is  an  invisible  fluid,  its  action  as  a  solvent  is  not  so 
obvious  as  that  of  water.  Caloric,  we  may  conceive, 
dissolves  water,  and  converts  it  into  vapour  by  the 
same  process  as  that  by  which  water  dissolves  salt ; 
that  is  to  say,  the  particles  of  water  are  so  minutely 
divided  by  the  caloric  as  to  become  invisible.  Thus, 
you  are  now  enabled  to  understand  why  the  vapour 
of  boiling  water,  when  it  first  issues  from  the  spout 
of  a  kettle,  is  invisible  ;  it  is  so  because  it  is  then 
completely  dissolved  by  caloric.  But  the  air  with 
which  it  comes  in  contact  being  much  colder  than 
the  vapour,  the  latter  yields  to  it  a  quantity  of  its 
caloric.  The  particles  of  vapour  being  thus  in  a 
great  measure  deprived  of  their  solvent,  gradually 
collect,  and  become  visible  in  the  form  of  steam, 
which  is  water  in  a  state  of  imperfect  solution ;  and 
if  you  were  further  to  deprive  it  of  its  caloric,  it 
would  return  to  its  original  liquid  state. 

CAROLINE. 

That  I  understand  very  well.  If  you  hold  a  cold 
plate  over  a  tea-urn,  the  steam  issuing  from  it  will 
be  immediately  converted  into  drops  of  water  by 
parting  with  its  caloric  to  the  plate  ;  but  in  what 
state  is  the  steam,  when  it  becomes  invisible  by 
being  diffused  in  the  air  0 
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MRS.  B. 

It  is  not  merely  diffused,  but  is  again  dissolved 
by  the  air. 

EMILY. 

The  air,  then,  has  a  solvent  power,  like  water 
and  caloric  ? 

MRS.  B. 

This  was  formerly  believed  to  be  the  case.  But 
it  is  now  ascertained  that  the  solvent  power  of  the 
atmosphere  depends  solely  upon  the  caloric  con¬ 
tained  in  it.  Sometimes  the  watery  vapour  dif¬ 
fused  in  the  atmosphere  is  but  imperfectly  dis¬ 
solved,  as  is  the  case  in  the  formation  of  clouds 
and  fogs :  but  if  it  get  into  a  region  sufficiently 
warm,  it  becomes  quite  invisible. 

EMILY. 

Can  any  water  be  dissolved  in  the  atmosphere 
without  having  been  previously  converted  into 
vapour  by  boiling  ? 

•  MRS.  B. 

Unquestionably:  and  this  constitutes  the  differ¬ 
ence  between  vaporisation  and  evaporation .  Water, 
when  heated  to  the  boiling  point,  can  no  longer 
exist  in  the  form  of  water,  and  must  necessarily 
be  converted  into  vapour  or  steam,  whatever  may 
be  the  state  and  temperature  of  the  surrounding 
medium ;  this  is  called  vaporisation.  But  the  at 
mosphere,  by  means  of  the  caloric  it  contains,  can 
take  up  a  certain  portion  of  water  at  any  teinper- 
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ature,  and  hold  it  in  a  state  of  solution.  This  is 
simply  evaporation.  Thus  the  atmosphere  is  con¬ 
tinually  carrying  off  moisture  from  the  surface  of 
the  earth,  until  it  is  saturated  with  it. 

CAROLINE. 

That  is  the  case,  no  doubt,  when  we  feel  the 
atmosphere  damp. 

MRS.  B. 

On  the  contrary,  when  the  moisture  is  well  dis¬ 
solved  it  occasions  no  humidity  ;  it  is  onty  when 
in  a  state  of  imperfect  solution  and  floating  in  the 
atmosphere,  in  the  form  of  watery  vapour,  that 
it  produces  dampness.  This  happens  more  fre¬ 
quently  in  winter  than  in  summer ;  for  the  lower 
the  temperature  of  the  atmosphere,  the  less  water 
it  can  dissolve ;  and  in  reality  it  never  contains  so 
much  moisture  as  in  a  dry  hot  summer’s  day. 

CAROLINE. 

You  astonish  me !  But  why,  then,  is  the  air  so 
dry  in  frosty  weather,  when  its  temperature  is  at 
the  lowest  ? 

EMILY. 

This,  I  conjecture,  proceeds  not  so  much  from 
the  moisture  being  dissolved,  as  from  its  being 
frozen.  Is  not  that  the  case  ? 

MRS.  B. 

It  is;  and  the  freezing  of  the  watery  vapour 
which  the  atmospheric  heat  could  not  dissolve  pro- 
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duces  what  is  called  a  hoar  frost;  for  the  particles 
descend  in  freezing,  and  attach  themselves  to  what¬ 
ever  they  meet  with  on  the  surface  of  the  earth. 

The  tendency  of  free  caloric  to  an  equal  dif¬ 
fusion,  together  with  its  solvent  power,  are  likewise 
connected  with  the  phenomena  of  rain,  of  dew,  &c. 
TV  lien  moist  air  of  a  certain  temperature  happens 
to  pass  through  a  colder  region  of  the  atmosphere, 
it  paits  with  a  portion  of  its  heat  to  the  surround¬ 
ing  air:  the  quantity  of  caloric,  therefore,  which 
served  to  keep  the  water  in  a  state  of  vapour, 
being  diminished,  the  watery  particles  approach 
each  other,  and  form  themselves  into  drops  of 
water,  which,  being  heavier  than  the  atmosphere, 
descend  to  the  earth.  There  are  also  other  cir¬ 
cumstances,  and  particularly  the  variation  in  the 
weight  of  the  atmosphere,  the  changes  which  take 
place  in  its  electrical  state,  &c.,  which  may  contri¬ 
bute  to  the  formation  of  rain.  This,  however,  is 
an  intricate  subject,  into  which  we  cannot  more 
fully  enter  at  present. 

EMILY. 

I  should  like  very  much  to  know  how  dew  is 
formed,  cannot  you  explain  that  to  us  ? 

MRS.  B. 

Dew  is  a  deposition  of  watery  particles  or  minute 
drops  from  the  atmosphere,  precipitated  by  the 
coolness  of  the  evening. 
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CAROLINE. 

This  precipitation  must  be  owing  to  the  cooling 
of  the  atmosphere,  which  prevents  its  retaining 
so  great  a  quantity  of  watery  vapour  in  solution 
as  it  does  during  the  heat  of  the  day. 

MRS.  B. 

Such  was,  for  many  years,  the  generally  re¬ 
ceived  opinion  respecting  the  cause  of  dew ;  but 
it  has  been  ascertained  by  a  course  of  ingenious 
experiments  of  Dr.  Wells,  that  the  deposition 
of  dew  is  produced  by  the  cooling  of  the  surface 
of  the  earth,  which  he  has  shown  to  take  place 
previously  to  the  cooling  of  the  atmosphere ;  for 
on  examining  the  temperature  of  a  plot  of  grass 
just  before  the  dew-fall,  he  found  that  it  was 
considerably  colder  than  the  air  a  few  feet  above 
it,  from  which  the  dew  was  shortly  after  pre¬ 
cipitated. 

EMILY. 

But  why  should  the  earth  cool  in  the  evening 
sooner  than  the  atmosphere  ? 

MRS.  B. 

Because  it  parts  with  its  heat  more  readily  than 
the  air;  the  earth  is  an  excellent  radiator  of  caloric, 
whilst  the  atmosphere  does  not  possess  that  pro¬ 
perty,  at  least  in  any  sensible  degree.  Towards 
evening,  therefore,  when  the  solar  heat  declines, 
and  when,  after  sunset,  it  entirely  ceases,  the  earth 
rapidly  cools  by  radiating  heat  towards  the  skies ; 
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whilst  the  air  has  no  means  of  parting  with  its  heat 
but  by  coining  into  contact  with  the  cooled  surface 
of  the  earth,  to  which  it  communicates  its  caloric. 
Its  solvent  power  being  thus  reduced,  it  is  unable 
to  retain  so  large  a  portion  of  watery  vapour,  and 
deposits  those  pearly  drops  which  we  call  dew. 

EMILY. 

If  this  be  the  cause  of  dew,  we  need  not  be 
apprehensive  of  receiving  any  injury  from  it; 
for  it  can  be  deposited  only  on  surfaces  that  are 
colder  than  the  atmosphere,  and  that  is  never  the 
case  with  our  bodies. 

MRS.  B. 

Very  true  ;  yet  I  would  not  advise  you  for  this 
reason  to  be  too  confident  of  escaping  all  the  ill 
effects  which  may  arise  from  exposure  to  the  dew  ; 
for  it  may  be  deposited  on  your  clothes,  and  chill 
you  afterwards  by  its  evaporation  from  them. 
Besides,  whenever  the  dew  is  copious,  there  is  a 
chilliness  in  the  atmosphere  which  it  is  not  always 
safe  to  encounter. 

CAROLINE. 

Wind,  then,  must  promote  the  deposition  of 
dew,  by  bringing  a  more  rapid  succession  of  par¬ 
ticles  of  air  in  contact  with  the  earth,  just  as  it 
promotes  the  cooling  of  the  earth  and  warming  of 
the  atmosphere  during  the  heat  of  the  day  ? 

MRS.  B. 

This  may  be  the  case  in  some  degree,  provided 
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the  agitation  of  the  air  be  not  considerable ;  for 
when  the  wind  is  strong  it  is  found  that  less  dew  is 
deposited  than  in  calm  weather,  especially  if  the 
atmosphere  be  loaded  with  clouds.  These  accumu¬ 
lations  of  moisture  not  only  prevent  the  free  radi¬ 
ation  of  the  earth  towards  the  upper  regions,  but 
themselves  radiate  towards  the  earth ;  for  which 
reasons  much  less  dew  is  formed  than  on  fine  clear 
nights,  when  the  radiation  of  the  earth  passes  with¬ 
out  obstacle  through  the  atmosphere  to  the  distant 
regions  of  space,  whence  it  receives  no  caloric  in 
exchange.  The  dew  continues  to  be  deposited 
during  the  night,  and  is  generally  most  abundant 
towards  morning,  when  the  contrast  between  the 
temperature  of  the  earth  and  that  of  the  air  is 
greatest.  After  sunrise,  the  equilibrium  of  tem¬ 
perature  between  these  two  bodies  is  gradually 
restored  by  the  solar  rays  passing  freely  through 
the  atmosphere  to  the  earth ;  and  later  in  the 
morning  the  temperature  of  the  earth  gains  the 
ascendency,  and  gives  out  caloric  to  the  air  by 
contact,  in  the  same  manner  as  it  receives  it  from 
the  air  during  the  night. 


EMILY. 

Pray,  Mrs.  B.,  why  is  a  bottle  of  wine  taken 
fresh  from  the  cellar  (in  summer  particularly) 
soon  covered  with  dew ;  and  even  the  glasses  into 
which  the  wine  is  poured  moistened  with  a  similar 
vapour  ? 
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MRS.  B. 

The  bottle  being  colder  than  the  surrounding 
air,  must  absorb  caloric  from  it ;  the  moisture, 
therefore,  which  that  air  contained,  becomes  visi¬ 
ble,  and  forms  the  dew  which  is  deposited  on  the 
bottle.  Now,  Caroline,  can  you  inform  me  why, 
in  a  warm  room,  or  close  carriage,  the  contrary 
effect  takes  place ;  that  is  to  say,  that  the  inside  of 
the  windows  is  covered  with  vapour  ? 

CAROLINE. 

I  have  heard  that  it  proceeds  from  the  breath  of 
those  within  the  room  or  the  carriage  ;  and  I  sup¬ 
pose  it  is  occasioned  by  the  windows,  which,  being 
colder  than  the  breath,  deprive  it  of  part  of  its 
caloric,  and  by  this  means  convert  it  into  watery 
vapour. 

MRS.  B. 

You  have  explained  it  extremely  well.  Bodies 
attract  dew  in  proportion  as  they  are  good  radia¬ 
tors  of  caloric,  as  it  is  this  quality  which  reduces 
their  temperature  below  that  of  the  atmosphere ; 
hence  we  find  that  little  or  no  dew  is  deposited 
on  rocks,  sand,  or  water ;  while  grass  and  living 
vegetables,  to  which  it  is  so  highly  beneficial, 
attract  it  in  abundance  ;  —  another  remarkable 
instance  of  the  wise  and  bountiful  dispensations  of 
Providence. 

EMILY. 

And  we  may  again  observe  it  in  the  abundance 
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of  dew  in  summer,  and  in  hot  climates,  when  its 
cooling  effects  are  so  much  required  ;  but  I  do  not 
understand  what  natural  cause  increases  the  dew 
in  hot  weather  ? 


MRS.  B. 

The  more  caloric  the  earth  receives  during  the 
day,  the  more  it  will  radiate  afterwards,  and  conse¬ 
quently  the  more  rapidly  its  temperature  will  be 
reduced  in  the  evening,  in  comparison  to  that  of  the 
atmosphere.  In  the  West  Indies,  especially,  where 
the  intense  heat  of  the  day  is  strongly  contrasted 
with  the  coolness  of  the  evening,  the  dew  is  pro¬ 
digiously  abundant.  During  a  drought,  the  dew  is 
less  plentiful,  as  the  earth  is  not  sufficiently  sup¬ 
plied  with  moisture  to  be  able  to  saturate  the  atmo¬ 
sphere. 

CAROLINE. 

I  have  often  observed,  Mrs.  B.,  that  when  I 
walk  out  in  frosty  weather,  with  a  veil  over  my 
face,  my  breath  freezes  upon  it.  Pray  what  is  the 
reason  of  that  ? 


MRS.  B. 

It  is  because  the  cold  air  immediately  seizes  on 
the  caloric  of  your  breath,  and  by  robbing  it  of 
its  solvent,  reduces  it  to  a  denser  fluid,  which  is 
the  watery  vapour  that  settles  on  your  veil,  and 
there  it  continues  parting  with  its  caloric  till  it  is 
brought  down  to  the  temperature  of  the  atmo¬ 
sphere,  and  assumes  the  form  of  ice. 


FHEE  CALORIC. 


105 


You  may,  perhaps,  have  observed  that  the  breath 
of  animals,  or  rather  the  moisture  contained  in  it, 
is  visible  in  damp  weather,  or  during  a  frost.  In 
the  former  case,  the  atmosphere,  being  oversatu¬ 
rated  with  moisture,  can  dissolve  no  more.  In 
the  latter,  the  cold  condenses  it  into  visible  vapour ; 
and  for  the  same  reason,  the  steam  arising  from 
water  that  is  warmer  than  the  atmosphere  becomes 
visible.  Have  you  never  taken  notice  of  the  va¬ 
pour  rising  from  your  hands  after  having  dipped 
them  into  warm  water  ? 

CAROLINE. 

Frequently,  especially  in  frosty  weather. 

MRS.  B. 

We  have  already  observed  that  pressure  is  an 
obstacle  to  evaporation:  there  are  liquids  which 
contain  so  great  a  quantity  of  caloric,  and  whose 
particles  consequently  adhere  so  slightly  together, 
that  they  may  be  rapidly  converted  into  vapour 
without  any  elevation  of  temperature,  merely  by 
taking  oft  the  weight  of  the  atmosphere.  In  such 
liquids,  you  perceive,  it  is  the  pressure  of  the 
atmosphere  alone  that  connects  their  particles, 
and  keeps  them  in  a  liquid  state. 

CAROLINE. 

I  do  not  well  understand  why  the  particles  of 
such  fluids  should  be  disunited  and  converted  into 
vapour,  without  any  elevation  of  temperature,  in 
spite  of  the  attraction  of  cohesion. 
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MRS.  B. 

It  is  because  the  degree  of  heat  at  which  we 
usually  observe  these  fluids  is  sufficient  to  over¬ 
come  their  attraction  of  cohesion.  Ether  is  of  this 
description ;  it  will  boil  and  be  converted  into 
vapour,  at  the  common  temperature  of  the*  air,  if 
the  pressure  of  the  atmosphere  be  taken  off. 

EMILY. 

I  thought  that  ether  would  evaporate  without 
either  the  pressure  of  the  atmosphere  being  taken 
away,  or  heat  applied;  and  that  it  was  for  that 
reason  so  necessary  to  keep  it  carefully  corked  up  ? 

MRS.  B. 

It  is  true  it  will  evaporate,  but  without  ebul¬ 
lition  ;  what  I  am  now  speaking  of  is  the  vapor¬ 
isation  of  ether,  or  its  conversion  into  vapour  by 
boiling.  I  am  going  to  show  you  how  suddenly 
the  ether  in  this  phial  will  be  converted  into  vapour 
by  means  of  the  air-pump.  —  Observe  with  what 
rapidity  the  bubbles  ascend,  as  I  take  off  the  pres¬ 
sure  of  the  atmosphere. 

CAROLINE. 

It  positively  boils ;  how  singular  to  see  a  liquid 
boil  without  heat ! 

MRS.  B. 

Now  I  shall  place  the  phial  of  ether  in  this 
glass,  which  it  nearly  fits,  so  as  to  leave  only  a 
small  space,  which  I  fill  with  water ;  and  in  this 
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state  I  put  it  again  under  the  receiver.  (Plate  IV. 
fig.  1.*)  You  will  observe,  as  I  exhaust  the  air 
from  it,  that  the  ether  boils,  whilst  the  water 
freezes. 

CAROLINE. 

It  is,  indeed,  wonderful  to  see  water  freeze  in 
contact  with  a  boiling  fluid ! 

EMILY. 

I  am  at  a  loss  to  conceive  how  the  ether  can 
pass  to  the  state  of  vapour  without  an  addition  of 
caloric.  Does  it  not  contain  more  caloric  in  a  state 
of  vapour,  than  in  a  liquid  state  ? 

MRS.  B. 

It  certainly  does ;  for  though  it  is  the  pressure 
of  the  atmosphere  which  condenses  it  into  a  liquid, 
it  is  by  forcing  out  the  caloric  that  belongs  to  it 
when  in  an  aeriform  state. 

EMILY. 

You  have  therefore  two  difficulties  to  explain, 
Mrs.  B. — First,  whence  the  ether  obtains  the  ca¬ 
loric  necessary  to  convert  it  into  vapour  when  it 

*  Two  pieces  of  thin  glass  tubes,  sealed  at  one  end,  might 
answer  this  purpose  better.  The  experiment,  however,  as 
here  described,  is  difficult,  and  requires  a  very  nice  apparatus. 
Hut  if,  instead  of  phials,  or  tubes,  two  watch-glasses  be  used, 
water  may  be  frozen  almost  instantly  in  the  same  manner. 
The  two  glasses  are  placed  over  one  another,  with  a  few 
drops  of  water  interposed  between  them,  and  the  uppermost 
glass  is  filled  with  ether.  After  working  the  pump  for  a 
minute  or  two,  the  glasses  are  found  to  adhere  strongly 
together,  and  a  thin  layer  of  ice  is  seen  between  them. 
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is  relieved  from  the  pressure  of  tire  atmosphere  ; 
and,  secondly,  what  is  the  reason  that  the  water, 
in  which  the  bottle  of  ether  stands,  is  frozen  ? 

CAROLINE. 

Now,  I  think,  I  can  answer  both  these  questions. 
The  ether  obtains  the  addition  of  caloric  required, 
from  the  water  in  the  glass ;  and  the  loss  of  caloric 
which  the  latter  sustains  is  the  occasion  of  its 
freezing. 

MRS.  B. 

You  are  perfectly  right ;  and  if  you  look  at  the 
thermometer  which  I  have  placed  in  the  water, 
whilst  I  am  working  the  pump,  you  will  see  that 
every  time  bubbles  of  vapour  are  produced,  the 
mercury  descends ;  which  proves  that  the  heat  of 
the  water  diminishes  in  proportion  as  the  ether 
boils. 

EMILY. 

This  I  understand,  now,  very  well ;  but  if  the 
water  freezes  in  consequence  of  yielding  its  caloric 
to  the  ether,  the  equilibrium  of  heat  must,  in  this 
case,  be  totally  destroyed.  Yet  you  have  told  us, 
that  the  exchange  of  caloric  between  two  bodies  of 
equal  temperature  was  always  equal ;  how,  then,  is 
it  that  the  water,  which  was  originally  of  the  same 
temperature  as  the  ether,  gives  out  caloric  to  it,  till 
the  water  is  frozen  and  the  ether  made  to  boil  ? 

MRS.  B. 

I  suspected  that  you  would  make  these  objec- 
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tions ;  and  in  order  to  remove  them,  I  enclosed 
two  thermometers  in  the  air-pump ;  one  of  which 
stands  in  the  glass  of  water,  the  other  in  the  phial 
of  ether;  and  you  may  see  that  the  equilibrium  of 
temperature  is  not  destroyed ;  for  as  the  thermo¬ 
meter  descends  in  the  water,  that  in  the  ether  sinks 
in  the  same  manner ;  so  that  both  thermometers 
indicate  the  same  temperature,  though  one  of  them 
is  in  a  boiling,  the  other  in  a  freezing  liquid. 

EMILY. 

The  ether,  then,  becomes  colder  as  it  boils? 
This  is  so  contrary  to  common  experience,  that  I 
confess  it  astonishes  me  exceedingly. 

CAROLINE. 

It  is,  indeed,  a  most  extraordinary  circumstance. 
But  pray  how  do  you  account  for  it  ? 

MRS.  B. 

I  cannot  satisfy  your  curiosity  at  present ;  for, 
before  we  can  attempt  to  explain  this  apparent 
paradox,  it  is  necessary  to  become  acquainted  with 
the  subject  of  latent  heat  ;  and  that,  I  think, 
we  must  defer  till  our  next  interview. 

CAROLINE. 

I  believe,  Mrs.  B.,  that  you  are  glad  to  put  off 
the  explanation;  for  it  must  be  a  very  difficult 
point  to  account  for. 

MRS.  B. 

I  hope,  however,  that  I  shall  do  it  to  your  com¬ 
plete  satisfaction. 
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EMILY. 

But  before  we  part,  give  me  leave  to  ask  you  one 
question.  Would  not  water,  as  well  as  ether,  boil 
with  less  heat,  if  deprived  of  the  pressure  of  the 
atmosphere  ? 

MRS.  B. 

Undoubtedly.  You  must  always  recollect  that 
there  are  two  forces  to  overcome,  in  order  to  make 
a  liquid  boil  or  evaporate ;  the  attraction  of  aggre¬ 
gation,  and  the  weight  of  the  atmosphere.  On 
the  summit  of  a  high  mountain  (as  M.  De  Saussure 
ascertained  on  Mount  Blanc)  much  less  heat  is 
required  to  make  water  boil,  than  in  the  plain, 
where  the  weight  of  the  atmosphere  is  greater.* 
Indeed,  if  the  weight  of  the  atmosphere  be  entirely 
removed  by  means  of  a  good  air-pump,  and  if 
water  be  placed  in  the  exhausted  receiver,  it  will 
evaporate  so  fast,  however  cold  it  may  be,  as  to 
give  it  the  appearance  of  boiling  from  the  surface. 
But  without  the  assistance  of  the  air-pump,  I  can 
show  you  a  very  pretty  experiment,  which  proves 
the  effect  of  the  pressure  of  the  atmosphere  in  this 
respect. 

Observe  that  this  Florence  flask  is  about  half 
full  of  water,  and  the  upper  half  of  invisible  vapour, 
the  water  being  in  the  act  of  boiling.  —  I  take  it 
from  the  lamp,  and  cork  it  carefully — the  water, 

*  On  the  top  of  Mount  Blanc  water  boiled  when  heated 
only  to  187  degrees,  instead  of  212  degrees. 
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you  see,  immediately  ceases  boiling.  —  I  shall  now 
dip  the  flask  into  a  basin  of  cold  water.* 

CAROLINE. 

But  look,  Mrs.  B.,  the  hot  water  begins  to  boil 
again ;  although  the  cold  water  must  rob  it  more 
and  more  of  its  caloric.  Wliat  can  be  the  reason 
of  that? 

MRS.  B. 

Let  us  examine  its  temperature.  You  see  the 
thermometer  immersed  in  it  remains  stationary  at 
180  degrees,  which  is  about  30  degrees  below  the 
boiling  point.  When  I  took  the  flask  from  the 
lamp,  I  observed  to  you  that  the  upper  part  of  it 
was  filled  with  vapour ;  this,  being  compelled  to 
yield  its  caloric  to  the  cold  water,  was  again  con¬ 
densed  into  water.  —  What,  then,  filled  the  upper 
part  of  the  flask  ? 

EMILY. 

Nothing;  for  it  is  too  well  corked  for  the  air 
to  gain  admittance,  and  therefore  the  upper  part 
of  the  flask  must  be  a  vacuum. 

MRS.  B. 

The  water  below,  therefore,  no  longer  sustains 
the  pressure  of  the  atmosphere,  and  will  conse- 

*  The  same  effect  may  be  produced  by  wrapping  a  cold 
wet  linen  cloth  round  the  upper  part  of  the  flask.  In  order 
to  show  how  much  the  water  cools  whilst  it  is  boiling,  a 
thermometer,  graduated  on  the  tube  itself,  may  be  introduced 
into  the  bottle  through  the  cork. 
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quently  boil  at  a  much  lower  temperature.  Thus 
you  see,  though  it  had  lost  many  degrees  of  heat, 
it  began  boiling  again  the  instant  the  vacuum  was 
formed  above  it.  The  boiling  has  now  ceased,  the 
temperature  of  the  water  being  still  farther  reduced: 
if  it  had  been  ether  instead  of  water,  it  would  have 
continued  boiling  much  longer,  for  ether  boils,  un¬ 
der  the  usual  atmospheric  pressure,  at  a  tempera¬ 
ture  as  low  as  100  degrees;  and  in  a  vacuum  it 
boils  at  almost  any  temperature ;  but  water,  being 
a  more  dense  fluid,  requires  a  more  considerable 
quantity  of  caloric  to  make  it  evaporate  quickly, 
even  when  the  pressure  of  the  atmosphere  is  re¬ 
moved. 

EMILY. 

What  proportion  of  vapour  can  the  atmosphere 
contain  in  a  state  of  solution  ? 


MRS.  B. 

I  do  not  know  whether  it  has  been  exactly  as¬ 
certained  by  experiment ;  but  at  any  rate  this  pro¬ 
portion  must  vary  according  to  the  temperature 
of  the  atmosphere ;  for  the  lower  the  temperature, 
the  smaller  must  be  the  proportion  of  vapour  which 
the  atmosphere  can  contain. 

To  conclude  the  subject  of  free  caloric,  I  should 
mention  Ignition ,  by  which  is  meant  that  emission 
of  light,  which  is  produced  in  bodies  at  a  very  high 
temperature,  and  which  is  the  effect  of  accumu¬ 
lated  caloric. 
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EMILY. 

You  mean,  I  suppose,  that  light  which  is  pro¬ 
duced  by  a  burning  body  ? 

MRS.  B. 

No ;  ignition  is  quite  independent  of  combus¬ 
tion.  Clay,  chalk,  and  indeed  all  incombustible 
substances,  may  be  made  red  hot.  When  a  body 
burns,  the  light  emitted  is  the  effect  of  a  chemical 
change  which  takes  place,  whilst  ignition  is  the 
effect  of  caloric  alone,  and  no  other  change  than 
that  of  temperature  is  produced  in  the  ignited  body. 

All  solid  bodies,  and  most  liquids,  are  suscepti¬ 
ble  of  ignition,  or,  in  other  words,  of  being  heated 
so  as  to  become  luminous  ;  and  it  is  remarkable 
that  this  takes  place  pretty  nearly  at  the  same 
temperature  in  all  bodies,  that  is,  at  about  800 
degrees  of  Fahrenheit’s  scale. 

EMILY. 

But  how  can  liquids  attain  so  high  a  tempera¬ 
ture,  without  being  converted  into  vapour  ? 

MRS.  B. 

By  means  of  confinement  and  pressure.  Water 
confined  in  a  strong  iron  vessel  (called  Papin’s 
digester)  can  have  its  temperature  raised  to  up¬ 
wards  of  400  degrees.  Sir  James  Hall  made  some 
very  curious  experiments  on  the  effects  of  heat 
assisted  by  pressure :  by  means  of  strong  gun- 
barrels  he  succeeded  in  melting  a  variety  of  sub¬ 
stances  which  were  considered  as  infusible ;  and 
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lie  considered  it  not  unlikely  that,  by  similar 
methods,  water  itself  might  be  heated  to  redness. 

EMILY. 

I  am  surprised  at  that ;  for  I  thought  that  the 
force  of  steam  was  such  as  to  destroy  almost  all 
mechanical  resistance. 

MRS.  B. 

The  expansive  force  of  steam  is  prodigious  ;  but 
in  order  to  subject  water  to  such  high  temperature, 
it  is  prevented  by  confinement  from  being  con¬ 
verted  into  steam,  and  the  expansion  of  heated 
water  is  comparatively  trifling.  Mr.  Perkins,  by 
confining  water  kept  under  great  pressure  in  a 
strong  iron  vessel  completely  filled,  has  succeeded 
in  sufficiently  raising  its  temperature  to  render  it 
capable  of  liquefying  metals,  which  require  be¬ 
tween  600  and  700  degrees  of  heat  in  order  to  be 
converted  to  a  fluid  state. 

We  have  dwelt  so  long  on  the  subject  of  free 
caloric,  that  we  must  reserve  the  other  modifications 
of  that  agent  to  our  next  meeting,  when  we  shall 
endeavour  to  proceed  more  rapidly. 
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MRS.  B. 

We  are  now  to  examine  the  other  modifications  of 
caloric. 

CAROLINE. 

I  am  very  curious  to  know  of  what  nature  they 
can  be ;  for  I  have  no  notion  of  anv  kind  of  heat 
that  is  not  perceptible  to  the  senses. 


MRS.  B. 

In  order  to  enable  you  to  understand  them,  it 
will  be  necessary  to  enter  into  some  previous  ex¬ 
planations. 

It  has  been  discovered  by  modern  chemists,  that 
bodies  of  a  different  nature,  heated  to  the  same 
temperature,  do  not  contain  the  same  quantity  of 
caloric. 


CAROLINE. 

How  could  that  be  ascertained?  For  you  told 
us  that  it  is  impossible  to  discover  the  absolute 
quantity  of  caloric  which  bodies  contain  ? 

i  2 
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MRS.  B. 

True ;  but  at  the  same  time  I  said  that  we  were 
enabled  to  form  a  judgment  of  the  proportions 
which  bodies  bore  to  each  other  in  this  respect. 
Thus  it  is  found,  that  in  order  to  raise  the  temper¬ 
ature  of  different  bodies  the  same  number  of  de¬ 
grees,  different  quantities  of  caloric  are  required 
for  each  of  them.  If,  for  instance,  you  place  a 
pound  of  lead,  a  pound  of  chalk,  and  a  pound  of 
milk  in  a  hot  oven,  they  will  be  gradually  heated 
to  the  temperature  of  the  oven ;  but  the  lead  will 
attain  it  first,  the  chalk  next,  and  the  milk  last. 

CAROLINE. 

That  is  a  natural  consequence  of  their  different 
bulks ;  the  lead,  being  the  smallest  body,  will  be 
heated  soonest,  and  the  milk,  which  is  the  largest, 
will  require  the  longest  time. 

MRS.  B. 

That  explanation  will  not  do ;  for  if  the  lead  be 
the  least  in  bulk,  it  offers  also  the  least  surface  to 
the  caloric  ;  the  quantity  of  heat,  therefore,  which 
can  enter  into  it  in  the  same  space  of  time,  is  pro¬ 
portionally  smaller. 

EMILY. 

Why,  then,  do  not  the  three  bodies  attain  the 
temperature  of  the  oven  at  the  same  time  ? 

MRS.  B. 

It  is  supposed  to  be  on  account  of  the  different 
capacity  of  these  bodies  for  caloric. 
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CAROLINE. 

What  do  von  mean  by  the  capacity  of  a  body 
for  caloric  ? 

MRS.  B. 

I  mean  a  certain  disposition  of  bodies  to  require 
more  or  less  caloric  for  raising  their  temperature 
to  any  degree  of  heat.  Perhaps  the  fact  may  be 
thus  explained :  — - 

Let  us  put  as  many  marbles  into  this  glass  as 
it  will  contain,  and  pour  some  sand  over  them  — 
observe  how  the  sand  penetrates  and  lodges  be¬ 
tween  them.  We  shall  now  fill  another  glass  with 
pebbles  of  various  forms  —  you  see  that  they  ar¬ 
range  themselves  in  a  more  compact  manner  than 
the  marbles,  which,  being  globular,  can  touch  each 
other  by  a  single  point  only.  The  pebbles,  there¬ 
fore,  will  not  admit  so  much  sand  between  them  ; 
and  consequently  one  of  these  glasses  will  neces¬ 
sarily  contain  more  sand  than  the  other,  though 
both  of  them  be  equally  full. 

CAROLINE. 

This  I  understand  perfectly.  The  marbles  and 
the  pebbles  represent  two  bodies  of  different  kinds, 
and  the  sand  the  caloric  contained  in  them ;  and 
it  appears  very  plain,  from  this  comparison,  that 
one  body  may  admit  of  more  caloric  between  its 
particles  than  another. 

MRS.  B. 

You  can  no  longer  be  surprised,  therefore,  that 
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bodies  of  a,  different  capacity  for  caloric  should 
require  different  proportions  of  that  fluid  to  raise 
their  temperatures  equally. 

EMILY. 

But  I  do  not  conceive  why  the  body  which  con¬ 
tains  the  most  caloric  should  not  be  of  the  highest 
temperature  ;  that  is  to  say,  feel  hot  in  proportion 
to  the  quantity  of  caloric  it  contains. 

MRS.  B. 

The  caloric  that  is  employed  in  filling  the  capa¬ 
city  of  a  body  is  not  free  caloric,  but  is  imprisoned 
as  it  were  in  the  body,  and  is  therefore  impercepti¬ 
ble  ;  for  we  can  feel  only  the  caloric  which  the 
body  parts  with,  and  not  that  which  it  retains. 

CAROLINE. 

It  appears  to  me  very  extraordinary  that  heat 
should  be  confined  in  a  body  in  such  a  manner  as 
to  be  imperceptible. 

MRS.  B. 

If  you  lay  your  hand  on  a  hot  body,  you  feel 
only  the  caloric  which  leaves  it  and  enters  your 
hand ;  for  it  is  impossible  that  you  should  be 
sensible  of  that  which  remains  in  the  bod}7.  The 
thermometer,  in  the  same  manner,  is  affected  only 
by  the  free  caloric  which  a  body  transmits  to  it, 
and  not  at  all  by  that  which  it  does  not  part 
with. 

CAROLINE. 

I  begin  to  understand  it ;  but  I  confess  that  the 
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idea  of  insensible  heat  is  so  new  and  strange  to  me, 
that  it  requires  some  time  to  render  it  familiar. 

MRS.  B. 

Call  it  insensible  caloric,  and  the  difficulty  will 
appear  much  less  formidable.  It  is  indeed  a  sort 
of  contradiction  to  call  it  heat,  when  it  is  so  situ¬ 
ated  as  to  be  incapable  of  producing  that  sensa¬ 
tion.  Yet  this  modification  of  caloric  is  commonly 
called  specific  heat. 

CAROLINE. 

It  certainly  would  be  more  correct  to  call  it 
specific  caloric.  But  I  do  not  understand  how  the 
term  specific  applies  to  this  modification  of  caloric  ? 


MRS.  B. 

It  expresses  the  relative  quantity  of  caloric 
which  different  species  of  bodies  of  the  same  weight 
and  temperature  are  capable  of  containing.  This 
modification  is  also  frequently  called  heat  of  capa¬ 
city ,  a  term  perhaps  preferable,  as  it  explains  bet¬ 
ter  its  own  meaning. 

You  now  understand,  I  suppose,  why  the  milk 
and  chalk  required  a  longer  portion  of  time  than 
the  lead  to  raise  their  temperature  to  that  of  the 
oven  ? 

EMILY. 

Yes:  the  milk  and  chalk  having  a  greater  ca¬ 
pacity  for  caloric  than  the  lead,  a  greater  pro¬ 
portion  of  that  fluid  became  insensible  in  those 
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bodies ;  and  the  more  slowly,  therefore,  their 
temperature  was  raised. 

CAROLINE. 

But  might  not  this  difference  proceed  from  the 
different  conducting  powers  of  heat  in  these  three 
bodies,  since  that  which  is  the  best  conductor 
must  necessarily  attain  the  temperature  of  the 
oven  first  ? 

MRS.  B. 

Very  well  observed,  Caroline.  This  objection 
would  be  insurmountable,  if  we  could  not,  by  re¬ 
versing  the  experiment,  prove  that  the  milk,  the 
chalk,  and  the  lead  actually  absorbed  different 
quantities  of  caloric ;  and  we  know  that  if  the 
different  time  they  took  in  heating  proceeded 
merely  from  the  diversity  of  their  conducting 
powers,  they  would  each  have  acquired  an  equal 
quantity  of  caloric. 

CAROLINE. 

Certainly.  But  how  can  you  reverse  this  ex¬ 
periment  ? 

MRS.  B. 

It  may  be  done  by  cooling  the  several  bodies  to 
the  same  degree,  in  an  apparatus  adapted  to  re¬ 
ceive  and  measure  the  caloric  which  they  gave 
out.  Thus,  if  you  plunge  them  into  three  equal 
quantities  of  water,  each  at  the  same  temperature, 
you  will  be  able  to  judge  of  the  relative  quantity 
of  caloric  which  the  three  bodies  contained,  by 
that  which,  in  cooling,  they  communicated  to  their 
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respective  portions  of  water :  for  the  same  quan¬ 
tity  of  caloric  which  they  each  absorbed  to  raise 
their  temperature,  will  abandon  them  in  lowering 
it ;  and,  on  examining  the  three  vessels  of  water, 
you  will  find  the  one  in  which  you  immersed  the 
lead  to  be  the  least  heated ;  that  which  held  the 
chalk  will  be  the  next ;  and  that  which  contained 
the  milk  will  be  heated  the  most  of  all.  The 
celebrated  Lavoisier  has  invented  a  machine  to 
estimate,  upon  this  principle,  the  specific  heat  of 
bodies  in  a  more  perfect  manner;  but  I  cannot 
explain  it  to  you,  till  you  are  acquainted  with  the 
next  modification  of  caloric. 

EMILY. 

The  more  dense  a  body  is,  I  suppose  the  less  is 
its  capacity  for  caloric. 

MRS.  B. 

This  is  not  always  the  case  with  bodies  of  a  dif¬ 
ferent  nature :  iron,  for  instance,  contains  more 
specific  heat  than  tin,  though  it  is  more  dense. 
This  seems  to  show  that  specific  heat  does  not 
merely  depend  upon  the  interstices  between  the 
particles ;  but,  probably,  also  upon  some  peculiar 
constitution  of  the  bodies,  which  we  do  not  com¬ 
prehend. 

EMILY. 

But,  Mrs.  B.,  it  would  appear  to  me  more  pro¬ 
per  to  compare  bodies  by  measure ,  rather  than  by 
weight,  in  order  to  estimate  their  specific  heat. 
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Why,  for  instance,  should  we  not  compare  pints 
of  milk,  of  chalk,  and  of  lead,  rather  than  pounds 
of  those  substances  ;  for  equal  weights  may  be 
composed  of  very  different  quantities  ? 

MRS.  B. 

You  are  mistaken,  my  dear:  equal  weight  must 
contain  equal  quantities  of  matter ;  and  when 
we  wish  to  know  what  is  the  relative  quantity 
of  caloric  which  substances  of  various  kinds  are 
capable  of  containing  under  the  same  temperature, 
we  must  compare  equal  weights,  and  not  equal 
bulks,  of  those  substances.  Bodies  of  the  same 
weight  may  undoubtedly  be  of  very  different  di¬ 
mensions  ;  but  that  does  not  change  their  real 
quantity  of  matter.  A  pound  of  feathers  does  not 
contain  one  atom  more  than  a  pound  of  lead. 

CAROLINE. 

I  have  another  difficulty  to  propose.  It  appears 
to  me,  that  if  the  temperature  of  the  three  bodies 
in  the  oven  did  not  rise  equally,  they  would  never 
reach  the  same  degree ;  the  lead  would  always 
keep  its  advantage  over  the  chalk  and  milk,  and 
would  perhaps  be  boiling  before  the  others  had 
attained  the  temperature  of  the  oven.  I  think  you 
might  as  well  say,  that  in  the  course  of  time  you 
and  I  shall  be  of  the  same  as;e. 

O 

MRS.  B. 

Your  comparison  is  not  correct,  Caroline.  As 
soon  as  the  lead  reached  the  temperature  of  the 
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oven,  it  would  remain  stationary:  for  it  would  then 
give  out  as  much  heat  as  it  would  receive.  You 
should  recollect  that  the  exchange  of  radiating 
heat,  between  two  bodies  of  equal  temperature, 
is  equal :  it  would  be  impossible,  therefore,  for 
the  lead  to  accumulate  heat  after  having  attained 
the  temperature  of  the  oven;  and  that  of  the  chalk 
and  milk,  therefore,  would  ultimately  arrive  at  the 
same  standard.  Yow  I  fear  that  this  will  not  hold 
good  with  respect  to  our  ages,  and  that  as  long  as 
I  live  I  shall  never  cease  to  keep  my  advantage 
over  you. 

EMILY. 

I  think  that  I  have  found  a  comparison  for 
specific  heat,  which  is  very  applicable.  Suppose 
that  two  men,  of  equal  weight  and  bulk,  but  who 
required  different  quantities  of  food  to  satisfy  their 
appetites,  sit  down  to  dinner,  both  equally  hungry, 
the  one  would  consume  a  much  greater  quantity  of 
provisions  than  the  other,  in  order  to  be  equally 
satisfied. 

MRS.  B. 

Yes,  that  is  very  fair ;  for  the  quantity  of  food 
necessary  to  satisfy  their  respective  appetites  varies 
in  the  same  manner  as  the  quantity  of  caloric  re¬ 
quisite  to  raise  equally  the  temperature  of  different 
bodies. 

EMILY. 

The  thermometer,  then,  affords  no  indication  of 
the  specific  heat  of  bodies. 
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MRS.  B. 

None  whatever:  no  more  than  satiety  is  a  test 
of  the  quantity  of  food  eaten.  The  thermometer, 
as  I  have  repeatedly  said,  can  be  affected  only  by 
free  caloric,  which  alone  raises  the  temperature  of 
bodies. 

But  there  is  another  mode  of  proving  the  ex¬ 
istence  of  specific  heat,  which  affords  a  very  satis¬ 
factory  illustration  of  that  modification.  This 
I  did  not  enlarge  upon  before,  as  I  thought  it 
might  appear  to  you  rather  complicated.  —  If  you 
mix  two  fluids  of  different  temperatures,  let  us 
say  the  one  at  50  degrees,  and  the  other  at  100 
degrees,  at  what  temperature  do  you  suppose  the 
mixture  will  be  ? 

CAROLINE. 

It  will  be,  no  doubt,  the  medium  between  the 
two,  that  is  to  say,  75  degrees. 


MRS.  B. 

That  will  be  the  case  if  the  two  bodies  happen 
to  have  the  same  capacity  for  caloric ;  but  if  not, 
a  different  result  will  be  obtained.  Thus,  for 
instance,  if  you  mix  together  a  pound  of  water, 
heated  at  50  degrees,  and  a  pound  of  mercury 
heated  at  100  degrees,  the  temperature  of  the 
mixture,  instead  of  being  7 5  degrees,  will  be  about 
52  degrees ;  so  that  the  water  will  have  gained 
only  2  degrees,  whilst  the  mercury  will  have  lost 
48  degrees  ;  from  which  you  will  conclude  that  the 
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capacity  of  mercury  for  heat  is  less  than  that  of 
water,  in  the  proportion  of  2  to  48,  or  1  to  24. 

CAROLINE. 

I  wonder  that  mercury  should  have  so  little 
specific  heat ;  for  we  found  it  a  much  better  con¬ 
ductor  of  heat  than  water  ? 

MRS.  B. 

And  it  is  precisely  on  that  account  that  its  spe¬ 
cific  heat  is  less.  F or  since  the  conductive  power 
of  bodies  depends,  as  we  have  observed  before,  on 
their  readiness  to  receive  heat  and  part  witli  it,  it 
is  natural  to  expect  that  those  bodies  which  are  the 
worst  conductors  should  absorb  the  most  caloric 
before  they  are  disposed  to  part  with  it  to  other 
bodies.  Xow  let  us  proceed  to  latent  heat. 

CAROLINE. 

And  pray  what  kind  of  heat  is  that  ? 

MRS.  B. 

It  is  another  modification  of  combined  caloric, 
which  is  so  analogous  to  specific  heat,  that  some 
chemists  make  no  distinction  between  them.  We 
call  latent  heat  that  portion  of  insensible  caloric 
which  is  employed  in  changing  the  state  of  bodies ; 
that  is  to  say,  in  converting  solids  into  liquids,  or 
liquids  into  vapour.  When  a  body  changes  its 
state  from  solid  to  liquid,  or  from  liquid  to  vapour, 
its  expansion  occasions  a  sudden  and  considerable 
increase  of  capacity  for  heat,  in  consequence  of 
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which,  it  immediately  absorbs  a  quantity  of  caloric 
which  becomes  fixed  in  the  body  it  has  trans¬ 
formed  ;  and  as  it  is  perfectly  concealed  from  our 
senses,  it  has  obtained  the  name  of  latent  heat. 

CAROLINE. 

I  think  it  would  be  much  more  correct  to  call 
this  modification  latent  caloric  instead  of  latent 
heat,  since  it  does  not  excite  the  sensation  of  heat. 

MRS.  B. 

This  modification  of  heat  was  discovered  and 
named  by  Dr.  Black  long  before  the  French  che¬ 
mists  introduced  the  term  caloric.  But  you  are 
not  to  suppose  that  the  nature  of  heat  is  altered 
by  being  variously  modified:  for  if  latent  and 
specific  heat  do  not  excite  the  same  sensations  as 
free  caloric,  it  is  merely  owing  to  their  being  in  a 
state  of  confinement,  which  prevents  them  from 
acting  upon  our  organs ;  and,  consequently,  as  soon 
as  they  are  extricated  from  the  body  in  which  they 
are  imprisoned,  they  return  to  their  state  of  free 
caloric. 

EMILY. 

But  I  do  not  yet  clearly  see  in  what  respect 
latent  heat  differs  from  specific  heat,  for  they  are 
both  of  them  imprisoned  and  concealed  in  bodies. 

MRS.  B. 

Specific  heat  is  that  which  is  employed  in  filling 
the  capacity  of  a  body  for  caloric,  in  the  state  in 
which  this  body  actually  exists:  while  latent  heat  is 
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that  which  is  employed  only  in  effecting  a  change 
of  state,  that  is,  in  converting  bodies  from  a  solid 
to  a  liquid,  or  from  a  liquid  to  an  aeriform  state. 
But,  perhaps,  in  a  general  point  of  view,  both 
these  modifications  might  be  comprehended  under 
the  name  of  heat  of  capacity ,  as  in  both  cases  the 
caloric  is  equally  engaged  in  filling  the  capacities 
of  bodies. 

I  shall  now  show  you  an  experiment,  which  I 
hope  will  give  you  a  clear  idea  of  what  is  under¬ 
stood  by  latent  heat. 

The  snow  which  you  see  in  this  phial  has  been 
cooled  by  certain  chemical  means  (which  I  can¬ 
not  well  explain  to  you  at  present)  to  five  or  six 
degrees  below  the  freezing  point,  as  you  will  find 
indicated  by  the  thermometer  which  is  placed  in 
it.  We  shall  expose  it  to  the  heat  of  a  lamp,  and 
you  will  see  the  thermometer  gradually  rise  till  it 
reaches  the  freezing  point  - - 

EMILY. 

It  does,  but  here  it  stops,  Mrs.  B.,  and  yet 
the  lamp  burns  just  as  well  as  before.  Why  is  not 
its  heat  communicated  to  the  thermometer  ? 

CAROLINE. 

And  the  snow  begins  to  melt ;  therefore  it  must 
be  rising  above  the  freezing  point. 

MRS.  B. 

The  heat  no  longer  affects  the  thermometer,  be¬ 
cause  it  is  wholly  employed  in  converting  the  ice 
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into  water.  As  the  ice  melts,  the  caloric  becomes 
latent  in  the  new-formed  liquid,  and,  therefore, 
cannot  raise  its  temperature ;  and  the  thermometer 
will  consequently  remain  stationary  till  the  whole 
of  the  ice  be  melted. 

CAROLINE. 

Now  it  is  all  melted,  and  the  thermometer 
begins  to  rise  again. 

MRS.  B. 

Because,  the  conversion  of  the  ice  into  water 
being  completed,  the  caloric  no  longer  becomes 
latent ;  and  therefore  the  heat  which  the  water 
now  receives  raises  its  temperature,  as  you  find 
the  thermometer  indicates. 

EMILY. 

But  I  do  not  think  that  the  thermometer  rises 
so  quickly  in  the  water  as  it  did  in  the  ice,  previous 
to  its  beginning  to  melt,  though  the  lamp  burns 
equally  well? 

MRS.  B. 

That  is  owing  to  the  different  specific  heat  of  ice 
and  water.  The  capacity  of  water  for  caloric  being 
greater  than  that  of  ice,  more  heat  is  required  to 
raise  its  temperature,  and  therefore  the  thermome¬ 
ter  rises  slower  in  the  water  than  it  did  in  the  ice. 

EMILY. 

True :  you  said  that  a  solid  body  always  in¬ 
creased  its  capacity  for  heat  by  becoming  fluid ; 
and  this  is  an  instance  of  it. 
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MRS.  B. 

Yes ;  and  the  latent  heat  is  that  which  is  ab¬ 
sorbed,  in  consequence  of  the  greater  capacity 
which  the  water  has  for  heat,  in  comparison  to  ice. 

I  must  now  tell  you  a  curious  calculation  founded 
on  that  circumstance.  I  have  before  observed  to 
you,  that  though  the  thermometer  indicates  the 
comparative  warmth  of  bodies,  and  enables  us  to 
determine  the  same  point  at  different  times  and 
places,  it  gives  us  no  idea  of  the  absolute  quantity 
of  heat  in  any  body.  We  cannot  tell  how  low  it 
would  fall  by  the  privation  of  all  heat,  but  an 
attempt  has  been  made  to  infer  it  in  the  following 
manner.  The  capacity  of  water  for  heat,  when 
compared  with  that  of  ice,  is  as  10  to  9;  so  that, 
at  the  same  temperature,  ice  contains  one  tenth  of 
caloric  less  than  water.  By  experiment,  also,  it  is 
observed,  that  in  order  to  melt  ice,  there  must  be 
added  to  it  as  much  heat  as  would,  if  it  did  not 
melt  it,  raise  its  temperature  140  degrees.  This 
quantity  of  heat  is  therefore  absorbed  when  the 
ice,  by  being  converted  into  water,  is  made  to 
contain  one  ninth  more  caloric  than  it  did  before. 
Therefore  140  degress  is  a  ninth  part  of  the  heat 
contained  in  ice  at  30  degrees ;  and  the  point  of 
zero,  or  the  absolute  privation  of  heat,  must  con¬ 
sequently  be  1260  degrees  below  32  degrees. 

This  mode  of  investigating  so  curious  a  question 
is  ingenious ;  but  its  correctness  is  not  yet  esta¬ 
blished  by  similar  calculations  for  other  bodies. 

VOL.  i.  k 
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The  points  of  absolute  cold,  indicated  by  this 
method  in  various  bodies,  are  very  remote  from 
each  other ;  it  is  however  possible  that  this  may 
arise  from  some  imperfection  in  the  experiments. 

But  we  must  now  attend  to  our  present  experi¬ 
ment.  The  water  begins  to  boil,  and  the  ther¬ 
mometer  is  again  stationary.  It  is  now  your  turn, 
Caroline,  to  explain  the  phenomena. 

CAROLINE. 

It  is  wonderfully  curious !  The  caloric  is  now 
busy  in  changing  the  water  into  steam,  in  which  it 
hides  itself,  and  becomes  insensible  to  the  touch. 
This  is  another  example  of  latent  heat  producing 
a  change  of  form.  At  first  it  converted  a  solid 
body  into  a  liquid,  and  now  it  turns  the  liquid 
into  vapour. 

MRS.  B. 

“  You  see,  my  dear,  how  easily  you  have  become 
acquainted  with  these  modifications  of  insensible 
heat,  which  at  first  appeared  so  unintelligible.  If, 
now,  we  were  to  reverse  these  changes,  and  con¬ 
dense  the  vapour  into  water,  and  the  water  into 
ice,  the  latent  heat  would  re-appear  entirely  in 
the  form  of  free  caloric. 

EMILY. 

Pray  do  let  us  see  the  effect  of  latent  heat  re¬ 
turning  to  its  free  state. 

MRS.  B. 

Por  this  purpose  we  need  simply  conduct  the 
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vapour  through  a  tube  into  a  vessel  of  cold  water, 
where  it  will  part  with  its  latent  heat  and  return 
to  its  liquid  form. 

EMILY. 

How  rapidly  the  steam  heats  the  water ! 

MBS.  B. 

That  is  because  it  does  not  merely  impart  its  free 
caloric  to  the  water,  but  likewise  its  latent  heat. 
This  method  of  heating  liquids  has  been  turned 
to  advantage  in  several  economical  establishments. 
Steam-kitchens  are  constructed  upon  the  same 
principle;  the  steam  being  conveyed  through  a 
pipe  into  the  several  vessels  which  contain  the 
provisions  to  be  dressed,  where  it  communicates 
to  them  its  latent  caloric,  and  returns  to  the  state 
of  water.  Count  Ruinford  made  great  use  of  this 
principle  in  many  of  his  fire-places :  his  grand 
maxim  was,  to  avoid  all  unnecessary  waste  of  ca¬ 
loric,  for  which  purpose  he  confined  the  heat  in 
such  a  manner  that  not  a  particle  of  it  could  un¬ 
necessarily  escape  ;  and  while  he  economised  the 
free  caloric,  he  took  care  also  to  turn  the  latent 
heat  to  advantage.  It  is  thus  that  he  was  enabled 
to  produce  a  degree  of  heat  superior  to  that  which 
is  obtained  in  common  fire-places,  though  he  em¬ 
ployed  less  fuel. 

EMILY. 

TV  hen  the  advantages  of  such  contrivances  are 
so  clear  and  plain,  I  cannot  understand  why  they 
are  not  universally  used. 
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MRS.  B. 

A  long  time  is  always  required  before  innova¬ 
tions,  however  useful,  can  be  reconciled  with  the 
prejudices  of  the  vulgar. 

EMILY. 

What  a  pity  it  is  that  there  should  be  a  preju¬ 
dice  against  new  inventions :  how  much  more 

O 

rapidly  the  world  would  improve,  if  such  use¬ 
ful  discoveries  were  immediately  and  universally 
adopted ! 

MRS.  B. 

Among  the  variety  of  novelties  attempted  to  be 
introduced,  I  believe,  my  dear,  that  there  are  as 
many,  the  adoption  of  which  would  be  prejudicial 
to  society,  as  there  are  of  those  which  would  be 
beneficial  to  it.  The  well-informed,  though  by  no 
means  exempt  from  error,  have  an  unquestionable 
advantage  over  the  ignorant,  in  judging  what  is 
likely  or  not  to  prove  serviceable;  and  therefore 
we  find  the  former  more  ready  to  adopt  such  dis¬ 
coveries  as  promise  to  be  really  advantageous,  than 
the  latter,  who,  having  no  other  test  of  the  value  of 
a  novelty  but  time  and  experience,  at  first  oppose 
its  introduction.  The  well-informed,  however,  are 
frequently  disappointed  in  their  most  sanguine 
expectations,  and  the  prejudices  of  the  vulgar, 
though  they  often  retard  the  progress  of  know¬ 
ledge,  yet  sometimes  prevent  the  propagation  of 
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The  most  important  use  to  which  we  apply 
steam  is  the  steam-engine :  its  prodigious  advantage 
in  the  arts  renders  it  an  object  of  such  universal 
interest,  that  I  think  it  will  be  worth  your  while 
to  bestow  a  little  attention  upon  it ;  but  as  it  would 
interrupt  our  present  subject,  we  will  defer  it  till 
we  have  concluded  the  history  of  caloric.  To  re¬ 
turn,  therefore,  to  latent  heat ;  we  have  converted 
steam  into  water,  and  are  now  to  change  water 
into  ice,  in  order  to  render  the  latent  heat  sensible, 
as  it  escapes  from  the  water  on  its  becoming  solid. 
For  this  purpose  we  must  produce  a  degree  of  cold 
which  will  make  water  freeze. 

CAROLINE. 

That  must  be  very  difficult  to  accomplish  in 
this  warm  room. 

MRS.  B. 

Not  so  difficult  as  you  think.  There  are  certain 
chemical  mixtures  which  produce  a  rapid  change 
from  the  solid  to  the  fluid  state,  or  the  reverse,  in 
the  substances  combined,  in  consequence  of  which 
change  latent  heat  is  either  extricated  or  absorbed. 

EMILY. 

I  do  not  quite  understand  you. 

MRS.  B. 

This  snow  and  salt,  which  you  see  me  mix  to¬ 
gether,  are  melting  rapidly ;  heat,  therefore,  must 
be  absorbed  by  the  mixture,  and  cold  produced. 
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CAROLINE. 

It  feels  even  colder  than  ice,  and  yet  the  snow 
is  melted.  This  is  very  extraordinary. 

MRS.  B. 

The  cause  of  the  intense  cold  of  the  mixture  is 
to  be  attributed  to  the  change  of  a  solid  to  a  fluid 
state.  The  union  of  the  snow  and  salt  produces  a 
new  arrangement  of  their  particles,  in  consequence 
of  which  they  become  liquid  ;  and  the  quantity  of 
caloric,  required  to  effect  this  change,  is  seized 
upon  by  the  mixture  wherever  it  can  be  obtained. 
The  eagerness  of  the  mixture  for  caloric,  during 
its  liquefaction,  is  such,  that  it  converts  part  of  its 
own  free  caloric  into  latent  heat,  and  it  is  thus  that 
its  temperature  is  lowered. 

EMILY. 

Whatever  you  put  in  this  mixture,  therefore, 
would  freeze  ? 


MRS.  B. 

Yes :  at  least  any  fluid  that  is  susceptible  of 
freezing  at  that  temperature.  I  have  prepared  this 
mixture  of  salt  and  snow  for  the  purpose  of  freezing 
the  water  from  which  you  are  desirous  of  seeing  the 
latent  heat  escape.  I  have  put  a  thermometer  in 
the  glass  of  water  that  is  to  be  frozen,  in  order  that 
you  may  see  how  it  cools. 

CAROLINE. 

The  thermometer  descends,  but  the  heat  which 
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the  water  is  now  losing  is  its  free ,  not  its  latent , 
heat. 

MRS.  B. 

Certainly :  it  does  not  part  with  its  latent  heat 
till  it  changes  its  state  and  is  converted  into  ice. 

EMILY. 

But  how  is  this,  Mrs.  B.  ?  The  thermometer 
has  fallen  below  the  freezing  point,  and  yet  the 
water  is  not  frozen  ? 

MRS.  B. 

That  is  always  the  case  previous  to  the  freezing 
of  water  when  it  is  in  a  state  of  rest.  Now  it  be¬ 
gins  to  congeal,  and  you  may  observe  that  the  ther¬ 
mometer  again  rises  to  the  freezing  point. 

CAROLINE. 

It  appears  to  me  very  strange  that  the  thermo¬ 
meter  should  rise  the  very  moment  that  the  water 
freezes ;  for  it  seems  to  imply  that  the  water  was 
colder  before  it  froze  than  when  in  the  act  of 
freezing. 

MRS.  B. 

It  is  so ;  and  after  our  long  dissertation  on  this 
circumstance  I  did  not  think  it  would  appear  so 
surprising  to  you.  Reflect  a  little,  and  I  think  you 
will  discover  the  reason  of  it. 

CAROLINE. 

It  must  be,  no  doubt,  the  extrication  of  latent 
heat,  at  the  instant  the  water  freezes,  which  raises 
the  temperature. 
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MRS.  B. 

Certainly :  and  if  you  now  examine  tlie  thermo¬ 
meter,  you  will  find  that  its  rise  was  but  temporary, 
and  lasted  only  during  the  disengagement  of  the 
latent  heat.  Now  that  all  the  water  is  frozen  it 
falls  again,  and  will  continue  to  fall  till  the  ice  and 
mixture  are  of  an  equal  temperature. 

EMILY. 

And  can  you  show  us  any  experiments  in  which 
liquids,  by  being  mixed,  become  solid,  and  disen¬ 
gage  latent  heat  ? 

MRS.  B. 

Yes,  several:  but  you  are  not  yet  sufficiently 
advanced  to  understand  them  well.  I  shall,  how¬ 
ever,  show  you  one,  which  affords  a  striking  in¬ 
stance  of  the  fact.  The  fluid  which  you  see  in 
this  phial  consists  of  a  quantity  of  a  certain  salt 
called  muriate  of  lime ,  dissolved  in  water.  Now, 
if  I  pour  into  it  a  few  drops  of  this  other  fluid, 
called  sulphuric  acid,  the  whole,  or  very  nearly  the 
whole,  will  be  instantaneously  converted  into  a 
solid  mass. 

EMILY. 

How  white  it  turns !  I  feel  the  latent  heat 
escaping ;  for  the  bottle  is  warm,  and  the  fluid  is 
changed  to  a  solid  white  substance  like  chalk ! 

CAROLINE. 

You  mean,  Emily,  that  you  feel  the  free  caloric, 
which  was  latent  in  the  mixture ;  for  you  know 
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that  you  cannot  feel  it  in  a  latent  state.  But 
pray  what  is  that  white  vapour  which  ascends  ? 

MRS.  B. 

1  ou  are  not  yet  enough  of  a  chemist  to  under¬ 
stand  that.  —  But  take  care,  Caroline;  do  not  ap¬ 
proach  too  near  it,  for  it  has  a  very  pungent  smell. 

I  shall  show  you  another  instance  similar  to 
that  of  the  water,  which  you  observed  to  become 
warmer  as  it  froze.  I  have  in  this  phial  a  solution 
of  a  salt  called  sulphate  of  soda  or  Glauber’s  salt, 
made  very  strong,  and  corked  up  when  it  was  hot, 
and  kept  without  agitation  till  it  became  cold. 
Yow,  when  I  take  out  the  cork  and  let  the  air  fall 
upon  it,  (for,  being  closed  when  boiling,  there  was 
a  vacuum  in  the  upper  part,)  observe  that  the  salt 
will  suddenly  crystallise. 

CAROLINE. 

Surprising !  how  beautifully  the  needles  of  salt 
have  shot  through  the  whole  phial ! 

MRS.  B. 

Yes,  it  is  very  remarkable;  —  but  pray  do  not 
forget  the  object  of  the  experiment.  Feel  how 
warm  the  phial  has  become  by  the  conversion  of 
part  of  the  liquid  into  a  solid. 

EMILY. 

Quite  warm,  indeed !  This  is  a  most  curious 
instance  of  the  disengagement  of  latent  heat. 

MRS.  B. 

The  slaking  of  lime  is  another  remarkable  ex- 
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ample  of  the  extrication  of  latent  heat.  Have  you 
never  observed  how  quicklime  smokes  when  water 
is  poured  upon  it,  and  how  much  heat  it  produces  ? 

CAROLINE. 

Yes ;  but  I  do  not  understand  what  change  of 
state  takes  place  in  the  lime  that  occasions  its 
giving  our  latent  heat ;  for  the  quicklime,  which 
is  solid,  is  (if  I  recollect  right)  reduced  to  powder 
by  this  operation,  and  is,  therefore,  rather  ex¬ 
panded  than  condensed. 

MRS.  B. 

It  is  from  the  water,  not  the  lime,  that  the  latent 
heat  is  set  free.  The  water  incorporates  with,  and 
becomes  solid  in,  the  lime ;  in  consequence  of  which 
the  heat,  which  kept  it  in  a  liquid  state,  is  disen¬ 
gaged,  and  escapes  in  a  sensible  form. 

CAROLINE. 

I  always  thought  that  the  heat  originated  in  the 
lime.  It  seems  very  strange  that  water,  and  cold 
water  too,  should  contain  so  much  heat. 

EMILY. 

The  water,  then,  must  exist  in  a  state  of  ice  in 
the  lime,  since  it  parts  with  the  heat  which  kept 
it  liquid. 

MRS.  B. 

It  cannot  properly  be  called  ice,  since  ice  im¬ 
plies  a  degree  of  cold,  at  least  equal  to  the  freez¬ 
ing  point.  Yet,  as  water,  in  combining  with  lime, 
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gives  out  more  heat  than  in  freezing,  it  must  be 
in  a  state  of  still  greater  solidity  in  the  lime  than 
it  is  in  the  form  of  ice ;  and  you  may  have  ob¬ 
served  that  it  does  not  moisten  or  liquefy  the  lime 
in  the  smallest  degree. 

EMILY. 

But,  Mrs.  B.,  the  smoke  that  rises  is  white :  if 
it  were  only  pure  caloric  which  escaped,  we  might 
feel,  but  could  not  see  it. 

MRS.  B. 

This  white  vapour  is  formed  by  some  of  the 
particles  of  lime,  in  a  state  of  fine  dust,  which  are 
carried  off  by  the  caloric. 

EMILY. 

In  all  changes  of  state,  then,  a  body  either 
absorbs  or  disengages  latent  heat  ? 

MRS.  B. 

T  ou  cannot  exactly  say  absorbs  latent  heat ,  as 
the  heat  becomes  latent  only  on  being  confined  in 
the  body ;  but  you  may  say,  generally,  that  bodies, 
in  passing  from  a  solid  to  a  liquid  form,  or  from 
the  liquid  state  to  that  of  vapour,  absorb  heat; 
and  that  when  the  reverse  takes  place,  heat  is  dis- 
Tou  will  however  perceive,  as  we  pro¬ 
ceed,  that  this  general  rule  is  liable  to  many 
exceptions  arising  from  chemical  action.  In  the 
explosion  of  gunpowder,  for  instance,  several  solid 
substances  suddenly  assume  a  gaseous  form,  and 
ne\  ei  theless  considerable  heat  is  disengaged. 
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EMILY. 

We  can  now,  I  think,  account  for  the  ether 
boiling,  and  the  water  freezing  in  vacuo,  at  the 
same  temperature.* 

MRS.  B. 

Let  me  hear  how  you  explain  it. 

EMILY. 

The  latent  heat,  which  the  water  gave  out  in 
freezing,  was  immediately  absorbed  by  the  ether, 
during  its  conversion  into  vapour ;  and,  therefore, 
from  a  latent  state  in  one  liquid,  it  passed  into  a 
latent  state  in  the  other. 

MRS.  B. 

But  this  only  partly  accounts  for  the  result  of  the 
experiment :  it  remains  to  be  explained  why  the 
temperature  of  the  ether,  while  in  a  state  of  ebulli¬ 
tion,  is  brought  down  to  the  freezing  temperature 
of  the  water.  —  It  is  because  the  ether,  during  its 
evaporation,  reduces  its  own  temperature,  in  the 
same  proportion  as  that  of  the  water,  by  convert¬ 
ing  its  free  caloric  into  latent  heat ;  so  that,  though 
one  liquid  boils,  and  the  other  freezes,  their  tem¬ 
peratures  remain  in  equilibrium. 

EMILY. 

But  why  does  not  water,  as  well  as  ether,  re¬ 
duce  its  own  temperature  by  evaporating  ? 

MRS.  B. 

It  does,  though  much  less  rapidly  than  ether. 

*  See  page  104. 
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Thus,  for  instance,  you  may  often  have  observed, 
in  the  heat  of  summer,  how  much  any  particular 
spot  may  be  cooled  by  watering,  though  the  water 
used  for  that  purpose  be  as  warm  as  the  air  itself. 
Indeed,  so  much  cold  may  be  produced  by  the 
mere  evaporation  of  water,  that  the  inhabitants  of 
India  avail  themselves  of  this  mode  of  procuring 
ice.  During  the  cool  of  the  night,  and  in  situ¬ 
ations  most  exposed  to  the  night-breeze,  they  suc¬ 
ceed  in  causing  water  to  freeze,  though  the  tem- 
perature  of  the  air  be  as  high  as  60  degrees. 
The  water  is  put  into  shallow  earthen  trays,  so  as 
to  expose  an  extensive  surface  to  the  process  of 
evaporation,  and  in  the  morning  it  is  found  co¬ 
vered  with  a  thin  cake  of  ice,  which  is  collected 
in  sufficient  quantity  to  be  used  for  purposes  of 
luxury. 

EMILY. 

Does  not  the  radiation  of  heat,  which  during  the 
night  takes  place  from  the  water,  tend  to  increase 
the  cold  produced  by  its  evaporation  ? 

MRS.  B. 

I  have  no  doubt  that  it  does,  particularly  if  the 
sky  be  perfectly  clear,  as  is  generally  the  case  in 
those  tropical  climates. 

CAROLINE. 

How  delicious  it  must  be  to  drink  iced  water  in 
so  hot  a  climate  !  But,  Mrs.  B.,  could  we  not  try 
that  experiment  ? 


142 


COMBINED  CALORIC. 


MRS.  B. 

If  we  were  in  the  country,  I  have  no  doubt  but 
that  we  should  be  able  to  freeze  water,  by  the 
same  means,  and  under  similar  circumstances  :  but 
we  can  do  it  immediately,  upon  a  small  scale,  even 
in  this  room,  in  which  the  thermometer  stands  at 
70  degrees.  We  have  only  to  place  some  water 
in  a  little  cup  under  the  receiver  of  the  air-pump 
(Plate  Y.  fig.  1.),  and  exhaust  the  air  from  it. 
What  will  be  the  consequence,  Caroline  ? 

CAROLINE. 

Of  course  the  water  will  evaporate  more  quickly 
when  there  is  no  longer  any  atmospheric  pressure 
on  its  surface  :  but  will  this  be  sufficient  to  make 
the  water  freeze  ? 


MRS.  B. 

Probably  not,  because  the  vapour  will  not  be 
carried  off  fast  enough ;  but  this  will  be  accom¬ 
plished  without  difficulty  if  we  introduce  into  the 
receiver  (fig.  1.),  in  a  saucer,  or  any  other  large 
shallow  vessel,  some  strong  sulphuric  acid,  a  sub¬ 
stance  which  has  a  great  attraction  for  water,  whe¬ 
ther  in  the  form  of  vapour  or  that  of  liquid.  This 
attraction  is  such,  that  the  acid  will  instantly  absorb 
the  moisture  as  it  rises  from  the  water,  so  as  to 
make  room  for  the  formation  of  fresh  vapour ;  this 
will  of  course  hasten  the  process,  and  the  cold  pro¬ 
duced  from  the  rapid  evaporation  of  the  water 
will,  in  a  few  minutes,  be  sufficient  to  freeze  its 
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surface.*  We  shall  now  exhaust  the  air  from  the 
receiver. 

EMILY. 

Thousands  of  small  bubbles  already  arise 
through  the  water  from  the  internal  surface  of 
the  cup  :  what  is  the  reason  of  this  ? 

MRS.  B. 

These  are  bubbles  of  air  which  were  partly  at¬ 
tached  to  the  vessel,  and  partly  diffused  in  the  water 
itself ;  and  they  expand  and  rise  in  consequence 
of  the  atmospheric  pressure  being  removed. 

CAROLINE. 

See,  Mrs.  B.  ;  the  thermometer  in  the  cup  is 
sinking  fast ;  it  has  already  descended  to  40  de¬ 
grees  ! 

EMILY. 

The  water  seems  now  and  then  violently  agi¬ 
tated  on  the  surface,  as  if  it  were  boiling  ;  and  yet 
the  thermometer  is  descending  fast ! 

MRS.  B. 

1  ou  may  call  it  boiling ,  if  you  please,  for  this 
appearance  is,  as  well  as  boiling,  owing  to  the 
rapid  formation  of  vapour  5  and  it  takes  place  from 
the  surface,  for  it  is  only  when  heat  is  applied  to 
the  bottom  of  the  vessel  that  the  vapour  is  formed 
there. — Now  crystals  of  ice  are  actually  shooting 
all  over  the  surface  of  the  water. 

*  This  experiment  was  first  devised  by  Mr.  Leslie,  and 
has  since  been  modified  in  a  variety  of  forms. 
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CAROLINE. 

How  beautiful  it  is  !  The  surface  is  now  en¬ 
tirely  frozen,  —  but  the  thermometer  remains  at 
32  degrees. 

MRS.  B. 

And  so  it  will,  conformably  with  the  doctrine 
of  latent  heat,  until  the  whole  of  the  water  be 
frozen ;  but  it  will  then  again  begin  to  descend 
lower  and  lower,  in  consequence  of  the  evapor¬ 
ation  which  goes  on  from  the  surface  of  the  ice. 


EMILY. 

This  is  a  most  interesting  experiment ;  but  it 
would  be  still  more  striking  if  no  sulphuric  acid 
were  required. 

MRS.  B. 

I  will  show  you  a  freezing  instrument,  contrived 
by  Dr.  Wollaston,  upon  the  same  principle  as 
Mr.  Leslie’s  experiment,  by  which  water  may  be 
frozen  merely  by  its  own  evaporation,  without  the 
assistance  of  sulphuric  acid. 

This  tube,  you  see  (Plate  Y.  fig.  2.),  is  ter¬ 
minated  at  each  extremity  by  a  bulb,  both  of  which 
are  internally  exhausted  of  air,  but  one  of  them 
is  half  full  of  water,  which  is  consequently  always 
much  disposed  to  evaporate.  This  evaporation, 
however,  does  not  proceed  sufficiently  fast  to  freeze 
the  water ;  unless  the  empty  bulb  be  cooled  by 
some  artificial  means,  so  as  to  condense  quickly 
the  vapour  which  rises  from  the  water,  the  process 
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is  thus  so  much  promoted  as  to  cause  the  water  to 
freeze  in  the  other  bulb.  Dr.  Wollaston  has  called 
this  instrument  Cryophorus . 

CAROLINE. 

So  that  cold  here  performs  the  same  part  which 
the  sulphuric  acid  did  in  Mr.  Leslie’s  experiment  ? 

MRS.  B. 

Exactly  so  ;  but  let  us  try  the  experiment. 

EMILY. 

Hoav  will  you  cool  the  instrument?  You  have 
neither  ice  nor  snow. 


MRS.  B. 

True ;  but  we  have  other  means  of  effecting; 
this.  *  You  recollect  what  intense  cold  can  be 
produced  by  the  evaporation  of  ether  in  an  ex¬ 
hausted  receiver.  We  shall  enclose  the  bulb  in 
this  little  bag  of  fine  flannel  (Plate  Y.  fig.  3.),  then 
soak  it  in  ether,  and  introduce  it  into  the  receiver 
of  the  air-pump.  (Fig.  5.)  For  this  purpose  we 
shall  find  it  more  convenient  to  use  a  cryophorus 
of  this  shape  (fig.  4.),  as  its  elongated  bulb  passes 
easily  through  a  brass  plate  which  closes  the  top 
of  the  receiver.  If  we  now  exhaust  the  receiver 
quickly,  you  will  see,  in  less  than  a  minute,  the 
water  freeze  in  the  other  bulb,  out  of  the  receiver. 

*  This  mode  of  making  the  experiment  was  proposed,  and 
the  particulars  detailed,  by  Dr.  Marcet,  in  the  34th  vol.  of 
Nicholson's  Journal,  p.  119. 

VOL.  I.  L 
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EMILY. 

The  bulb  already  looks  quite  dim,  small  drops 
of  water  are  condensing  on  its  surface,  and  now 
crystals  of  ice  shoot  all  over  the  water.  This 
is,  indeed,  a  very  curious  experiment ! 

MRS.  B. 

By  a  similar  method,  even  quicksilver  may  be 
frozen.  —  But  we  cannot  at  present  indulge  in 
any  further  digression. 

Having  advanced  so  far  on  the  subject  of  heat, 
I  may  now  give  you  an  account  of  the  calorimeter, 
an  instrument  invented  by  Lavoisier,  upon  the  prin¬ 
ciples  just  explained,  for  the  purpose  of  estimating 
the  specific  heat  of  bodies.  It  consists  of  a  vessel, 
the  inner  surface  of  which  is  lined  with  ice,  so  as 
to  form  a  sort  of  hollow  globe  of  ice,  in  the  midst 
of  which  the  body,  whose  specific  heat  is  to  be  as¬ 
certained,  is  placed.  The  ice  absorbs  caloric  from 
this  body,  till  it  has  brought  it  down  to  the  freez¬ 
ing  point ;  this  caloric  converts  into  water  a  cer¬ 
tain  portion  of  the  ice  which  runs  out  through  an 
aperture  at  the  bottom  of  the  machine ;  and  the 
quantity  of  ice  changed  to  water  is  a  test  of  the 
quantity  of  caloric  which  the  body  has  given  out 
in  descending  from  a  certain  temperature  to  the 
freezing  point. 

CAROLINE. 

In  this  apparatus,  I  suppose,  the  milk,  chalk, 
and  lead  would  melt  different  quantities  of  ice, 
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in  proportion  to  their  different  capacities  for  ca¬ 
loric  ? 


MRS.  B. 

Certainly;  and  thence  we  are  able  to  ascertain, 
with  precision,  their  respective  capacities  for  heat. 
But  the  calorimeter  affords  us  no  more  idea  of  the 
absolute  quantity  of  heat  contained  in  a  body,  than 
the  thermometer  does :  for  though  by  means  of  it 
we  extricate  both  the  free  and  combined  caloric, 
}  et  we  extricate  them  only  to  a  certain  degree, 
which  is  the  freezing  point :  and  we  know  not  how 
much  they  contain  of  either  below  that  point. 

EMILY. 

According  to  the  theory  of  latent  heat,  it  ap¬ 
pears  to  me  that  the  weather  should  be  warm 
w hen  it  freezes,  and  cold  in  a  thaw :  for  latent 
heat  is  liberated  from  every  substance  that  freezes, 
and  such  a  large  supply  of  caloric  must  warm  the 
atmosphere;  whilst,  during  a  thaw,  that  very 
quantity  of  free  heat  must  be  taken  from  the 
atmosphere,  and  return  to  a  latent  state  in  the 
bodies  which  it  thaws. 


MRS.  B. 

Your  observation  is  very  natural;  but  consider 
that  in  a  frost  the  atmosphere  is  so  much  colder 
than  the  earth,  that  all  the  caloric  which  it  takes 
from  the  freezing  bodies  is  insufficient  to  raise  its 
temperature  above  the  freezing  point :  otherwise 
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the  frost  must  cease.  Yet  if  the  quantity  of  latent 
heat  extricated  does  not  destroy  the  frost,  it  serves 
to  moderate  the  suddenness  of  the  change  of  tem¬ 
perature  of  the  atmosphere,  at  the  commencement 
both  of  frost  and  of  a  thaw.  In  the  first  instance, 
its  extrication  diminishes  the  severity  of  the  cold, 
and,  in  the  latter,  its  absorption  moderates  the 
warmth  occasioned  by  a  thaw :  it  even  sometimes 
produces  a,  discernible  chill,  at  the  breaking  up  of 
a  frost. 

CAROLINE. 

But  what  are  the  general  causes  that  produce 
those  sudden  changes  in  the  weather,  especially 
from  hot  to  cold,  which  we  often  experience  ? 

MRS.  B. 

This  question  would  lead  us  into  meteorological 
discussions,  to  which  I  am  by  no  means  compe¬ 
tent.  One  circumstance,  however,  we  can  easily 
understand.  When  the  air  has  passed  over  cold 
countries,  it  will  probably  arrive  here  at  a  tem¬ 
perature  much  below  our  own ;  and  then  it  must 
absorb  heat  from  every  object  it  meets  with,  which 
will  produce  a  general  fall  of  temperature. 

I  think  I  have  now  concluded  all  the  observa¬ 
tions  I  have  to  make  to  you  on  heat. 

EMILY. 

But,  Mrs.  B.,  you  do  not,  I  hope,  forget  your 
promise  of  giving  us  an  explanation  of  the  Steam- 
Engine  ? 
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No ;  but  it  would  be  too  great  an  undertaking 
for  this  morning.  I  would  rather  that  you  should 
come  fresh  to  the  subject,  in  order  to  be  able  to 
give  it  your  unwearied  attention ;  we  will,  there¬ 
fore,  reserve  it  for  our  next  interview. 
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CONVERSATION  V. 

ON  THE  STEAM-ENGINE. 


MRS.  B. 

I  have  promised,  this  morning,  to  give  you  some 
account  of  the  steam-engine.  Since  its  original 
invention,  about  the  middle  of  the  17  th  century, 
it  has,  by  a  long  series  of  improvements,  attained 
such  a  degree  of  perfection  that  it  now  not  only 
works  our  manufactures,  but  is  applied  to  their 
conveyance  both  by  land  and  water.  Steam-boats, 
you  know,  are  in  general  use  throughout  the 
civilised  world ;  and  locomotive  steam-engines 
have  not  only  long  been  employed  on  railways  in 
various  parts  of  England,  but  are  now  very  com¬ 
monly  adopted  on  the  Continent,  for  the  convey¬ 
ance  both  of  goods  and  passengers. 

CAROLINE. 

After  having  both  seen  and  heard  so  much  of 
steam-engines  as  we  have  done  of  late  years,  I  am 
almost  ashamed  to  confess  how  ignorant  I  am  of 
the  principles  on  which  they  act ;  but  the  machi¬ 
nery  is  so  complicated,  there  are  so  many  pipes, 
and  valves,  and  boilers,  and  coolers,  and  I  know 
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not  what,  that  really  one’s  head  grows  quite  con¬ 
fused,  and  can  understand  nothing. 

MBS.  B. 

Here  is  a  little  apparatus  of  no  very  complicated 
construction ;  but,  simple  as  it  is,  I  think  it  will 
assist  me  in  explaining  to  you  the  principle  oil 
which  the  steam-engine  acts.  (Plate  VI.  fig.  1.) 
It  consists,  you  see,  of  a  glass  cylinder,  and  termi¬ 
nating  in  a  bulb  or  ball,  and  a  piston,  which  is 
fitted  to  the  cylinder,  and  can  slide  up  and  down 
within  it.  We  shall  pour  a  little  water  into  the 
bulb,  push  down  the  piston  to  the  bottom  of  the 
cylinder,  and  make  the  water  boil  by  placing  it 
over  this  lamp :  what  will  happen  then  ? 

EMILY. 

The  steam  rising  from  the  water  will  force  up 
the  piston  by  its  expansion — just  so  —  as  the 
steam  is  formed  the  piston  rises. 

CAROLINE. 

Oh !  now  I  understand  it ;  if  this  were  a  large 
iron  cylinder  instead  of  a  small  glass  one,  and  had 
a  great  beam  attached  to  it  to  act  as  a  lever,  as  I 
have  seen  in  real  steam-engines,  —  if  the  bulb 
was  a  spacious  boiler,  and  the  lamp  a  furnace,  we 
should  be  enabled  by  it  to  raise  a  great  weight. 

MRS.  B. 

The  force  of  steam,  when  once  obtained,  may 
be  applied  to  an  immense  number  of  purposes ;  it 
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may  be  made  to  push,  to  pull,  to  lift,  to  strike,  in 
a  word,  to  put  in  motion  any  of  the  mechanical 
powers.  But  as  yet  we  have  only  raised  the 
piston ;  we  must  get  it  down  again  in  order  to 
repeat  the  stroke  and  continue  the  action. 

CAROLINE. 

Why  does  it  not  fall  by  its  own  weight  ? 

MRS.  B. 

Because  it  is  supported  by  the  steam  in  the 
tubes ;  but  as  soon  as  I  take  this  glass  vessel  from 
the  lamp,  the  steam  returns  to  the  state  of  water, 
a  vacuum  is  formed  by  its  condensation,  and  the 
piston  falls  by  the  weight  of  the  atmosphere, 
which,  you  may  recollect,  presses  with  a  weight 
of  15  lbs.  on  every  square  inch  of  the  surface  of 
the  piston.* 

CAROLINE. 

This  little  cylinder  is  easily  removed  from  the 
lamp,  but  we  cannot  take  a  boiler  from  the  fur¬ 
nace  and  replace  it  again  at  every  stroke  of  the 
piston. 

MRS.  B. 

We  must,  therefore,  find  some  other  mode  of 
condensing  the  steam,  without  which  the  weight 
of  the  atmosphere  will  not  make  the  piston  de¬ 
scend.  This  was  at  first  accomplished  by  inject¬ 
ing  cold  water  into  the  cylinder. 


*  See  Conversations  on  Natural  Philosophy,  p.284. 
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EMILY. 

The  steam  would  naturally  give  out  its  latent 
heat  to  the  cold  water,  and  this  powerful  elastic 
fluid  would  be  converted  into  an  inert  liquid. 

MRS.  B. 

This  is  a  conclusion  which,  in  the  present  state 
of  science,  it  is  very  easy  to  draw ;  but  in  the  17  th 
century  the  properties  of  heat  and  of  steam  were 
equally  involved  in  obscurity.  When  the  Marquis 
of  Worcester  first  attempted  the  construction  of  a 
steam-engine,  it  appears  probable  that  he  injected 
cold  water  simply  with  a  view  of  replenishing  the 
boiler,  and  that  he  was  not  aware  that  it  caused 
the  condensation  of  the  steam,  or  that  this  con¬ 
densation  was  necessary  in  order  to  make  the  pis¬ 
ton  descend.  The  Marquis  is,  however,  generally 
considered  as  the  original  inventor  of  the  steam- 
engine  ;  but  it  was  Savary  and  Newcomens  who 
improved  upon  his  ideas,  and  first  produced  this 
machine  sufficiently  well  constructed  to  be  brought 
into  common  use.  Plate  VI.  fig.  2.  represents  an 
engine  thus  improved  and  applied  to  the  purpose 
of  raising  water  from  a  well. 

The  steam  issuing  from  the  boiler  B  raises  the 
piston  P  in  the  cylinder,  and,  consequently,  that 
end  of  the  lever  L  to  which  it  is  attached  by  the 
rod  B.  One  end  of  the  lever-beam  being  thus 
elevated,  the  other  necessarily  descends,  and  forces 
down  the  rod  r  and  the  piston  p,  in  the  well  W. 
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CAROLINE. 

Now  we  have  the  great  piston  P  at  the  top  of 
the  cylinder,  and  the  little  piston  p  at  the  bottom 
of  the  well;  but  in  order  to  bring  up  the  water 
we  must  reverse  the  action  of  the  lever :  how  is 
that  to  be  done  ? 

MRS.  B. 

As  soon  as  the  piston  P  reaches  the  upper  part 
of  the  cylinder,  the  cock  or  valve  Y  closes,  ex¬ 
cluding  the  further  entrance  of  steam;  at  the 
same  time  the  valve  Q  opens,  admitting  a  jet  of 
cold  water  from  the  reservoir  P.  This  condenses 
the  steam  which  filled  the  cylinder,  and  forms  a 
vacuum ;  the  piston,  no  longer  supported  beneath, 
is  forced  down  by  the  pressure  of  the  atmosphere; 
while  the  piston  p  rises,  lifting  up  the  water  which 
flows  out  at  m. 


CAROLINE. 

The  water  is  raised  by  the  piston  p,  on  the 
principle  of  the  lifting  pump,  which  I  recollect 
your  explaining  to  us.*  Then,  when  the  piston 
P  returns  to  the  bottom  of  the  cylinder  the  valve 
Q  closes  to  exclude  the  cold  water,  while  the  valve 
Y  opens  to  admit  the  steam  :  there  could  not  be  a 
more  clever  contrivance. 

EMILY. 

Yet  it  seems  to  me  to  be  a  pity  to  destroy  the 
*  See  Conversations  on  Natural  Philosophy,  p.  292. 
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steam  at  every  stroke  of  the  piston  :  what  an  eco¬ 
nomy  of  fuel  would  be  obtained  if  it  were  possible 
to  preserve  the  steam  and  make  it  act  again ! 

MRS.  B. 

Nor  is  this  the  only  objection  to  the  introduction 
of  cold  water  into  the  cylinder ;  it  is  attended  also 
with  the  inconvenience  of  cooling  the  cylinder,  so 
as  to  require  a  considerable  additional  quantity  of 
steam  to  restore  its  temperature  before  the  piston 
can  be  made  to  rise ;  yet,  even  under  these  dis¬ 
advantages,  the  steam-engine  was  found  to  be  a 
powerful  machine;  in  the  course  of  years  it  un¬ 
derwent  many  alterations,  but  received  no  very 
material  improvement  till  the  celebrated  Mr.  Watt 
discovered  the  means  of  obviating  the  defects  we 
have  noticed.  His  first  improvement  wras  to  con¬ 
dense  the  steam  in  a  separate  vessel,  which  he 
called  a  condenser  ;  by  which  means  he  effectually 
prevented  the  refrigeration  of  the  cylinder. 

He  then  introduced  the  steam  from  the  boiler 
into  the  cylinder  alternately  above  and  below  the 
piston,  so  as  to  make  it  both  rise  and  fall ;  com¬ 
pletely  excluding  the  external  air,  the  pressure  of 
which  became  unnecessary,  and  which  had  been 
another  cause  of  cooling  the  cylinder. 

EMILY. 

He  must  then  have  established  a  communication 
between  the  condenser  and  both  the  upper  and 
lower  parts  of  the  cylinder,  in  order  to  carry  off  the 
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steam,  and  form  vacuums  alternately  above  and 
below  the  piston. 

MRS.  B. 

This  he  did  by  means  of  pipes  and  valves  which 
could  be  opened  or  shut  at  pleasure. 

CAROLINE. 

Then,  when  the  steam  below  the  piston  is  drawn 
•into  the  condenser,  the  steam  above  it  will  force  it 
down,  and  when  the  steam  above  the  piston  flows 
into  the  condenser,  the  steam  beneath  will  make  it 
rise.  It  is,  therefore,  essential  that  the  atmospheric 
air  should  have  no  access  to  the  cylinder,  otherwise 
the  vacuum  could  not  be  formed,  for  the  air  would 
rush  in  to  supply  the  place  of  the  steam  as  soon  as 
this  is  condensed.  But  is  it  not  difficult  to  exclude 
the  air  completely,  and  yet  leave  room  for  the 
piston  rod  to  move  up  and  down  freely  ? 

MRS.  B. 

In  order  to  render  the  cylinder  air-tight  the 
piston-rod  slides  up  and  down  through  a  small 
box,  so  well  stuffed  with  leather  and  hemp  that  no 
air  can  penetrate. 

These  movements  will  be  more  intelligible  if 
you  examine  Plate  VII.,  which  represents  a  steam- 
engine  such  as  is  now  used,  in  which  all  the  essen¬ 
tial  improvements  of  Mr.  W att  are  retained  ;  but 
some  simple  and  convenient  arrangement  of  the 
mechanism  has  been  substituted  in  the  place  of  his 
more  elaborate  and  complicated  contrivances.  A  A 
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is  the  boiler,  and  the  fire  which  heats  it  is  contained 
in  the  fire-place  B  B,  which,  with  the  flues  XX, 
surround  it.  The  water,  when  converted  into  steam, 
passes  through  the  pipe  C  C,  and  thence  into  a  sort 
of  box  DD;  but  for  the  explanation  of  the  construc¬ 
tion  of  this  box  I  must  refer  you  to  Plate  VIIL, 
where  you  will  find  it  represented  on  a  larger  scale, 
as  that  plate  contains  only  the  cylinder  ZZ,  and 
the  pipes  which  connect  the  box  with  it.  From 
this  box  the  steam  can  pass  either  through  the  pipe 
EE  into  the  upper  part  of  the  cylinder  above  the 
piston  YY  in  order  to  force  it  down,  or  it  can  pass 
through  the  pipe  FF  and  enter  the  cylinder  below 
the  piston  in  order  to  raise  it. 

CAROLINE. 

But  when  the  steam  goes  in  at  one  end  of  the 
cylinder,  it  must  go  out  at  the  other,  and  take 
refuge  in  the  condenser ;  how  does  it  find  its  way 
there  ?  for  these  two  pipes  communicating  at  one 
end  with  the  steam-box,  and  at  the  other  with  the 
cylindei,  cannot  either  of  them  convey  the  steam 
into  the  condenser. 

MRS.  B. 

There  is  a  separate  pipe  for  that  purpose,  one 
end  of  which  opens  into  the  steam-box,  and  the 
other  into  the  condenser.  The  orifice  of  this  pipe 
alone  is  visible  at  G,  as  it  turns  back  before  it 
descends ,  but  in  plate  A  IX.  that  part  G  which 
communicates  with  the  condenser  HIT  is  de¬ 
lineated. 
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EMILY. 

And  by  what  means  is  the  steam  prevented  from 
entering  the  cylinder  through  both  passages  at  the 
same  time  ? 

MRS.  B. 

By  a  very  simple  and  ingenious  contrivance 
called  a  sliding  valve,  II,  which  moves  up  and  down, 
and  alternately  leaves  the  passage  to  the  upper  or 
lower  pipe  open :  in  its  present  situation  in  Plate 
VIII.  it  is  raised  as  high  as  it  will  go,  closing  the 
passage  between  the  steam-box  and  the  openings 
to  the  pipes  E  and  G,  but  leaving  a  communica¬ 
tion  between  these  two  pipes. 

CAROLINE. 

The  steam,  then,  enters  at  the  bottom  of  the 
cylinder  below  the  piston;  but  how  do  you  get 
rid  of  that  which  is  above  it? - Oh,  I  see:  it  de¬ 

scends  through  the  pipe  E,  and  being  excluded  by 
the  valve  I  from  entering  the  steam-box,  it  passes 
into  the  orifice  of  the  pipe  G,  and  is  thence  con¬ 
veyed  into  the  condenser. 

MRS.  B. 

And  when  the  valve  slides  downwards  so  as  to 
close  the  communication  between  the  pipe  F  and 
the  steam-box,  it  opens  a  passage  between  that 
pipe  and  G ;  so  that  the  steam  below  the  piston  is 
not  drawn  into  the  condenser,  while  that  above  it 
forces  it  down. 
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EMILY. 

But  during  the  time  that  the  valve  is  moving 
from  the  orifice  of  one  pipe  to  that  of  the  other, 
both  must  be  left  partly  open  at  the  same  time,  so 
that  less  steam  can  get  admittance  into  one  pipe 
or  escape  out  of  the  other,  than  when  one  of  the 
pipes  is  completely  open,  and  the  other  entirely 
closed. 

MRS.  B. 

That  is  very  true,  and  the  stroke  of  the  piston 
is  less  forcible  during  those  intervals.  There  is 
also  an  instant  during  which  the  valve  closes 
all  the  three  passages ;  it  is  when  the  piston 
reaches  the  top  of  the  cylinder,  as  represented 
in  Plate  VII. 


CAROLINE. 

The  communication  between  the  steam-box  and 
the  condensing  pipe  G  is  then  always  closed  by  the 
valve  in  whatever  position  it  may  be  ? 

MRS.  B. 

Certainly;  it  would  be  wasting  the  steam  to 
allow  it  to  flow  from  the  steam-box  into  the  con- 
densing  pipe ;  that  }iipe  is  used  merely  to  convey 
av  ay  the  steam  that  has  already  performed  its 
office  in  the  cylinder ;  it  therefore  communicates 
onby  with  the  pipes  E  and  F.  The  valve  II,  you 
will  observe,  is  not  flat,  but  capacious,  in  the  form 
of  a  box  without  a  lid  ;  for  it  is  necessary  that  the 
communication  between  the  pipes  E  and  G  should 
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be  made  within  the  capacity  of  the  valve :  were  it 
flat,  it  would  close  the  pipes  E  and  G,  not  only 
from  the  steam-box,  but  from  each  other,  so  that 
the  steam  could  not  escape  into  the  condensing 
pipe. 

Thus  by  simply  sliding  up  and  down  this  hollow 
valve,  the  motion  of  the  piston  may  be  carried  on 
indefinitely. 

EMILY. 

And  by  what  means  is  this  valve  moved  ?  for  I 
see  no  rod  to  connect  it  with  the  lever. 

MRS.  B. 

No  ;  it  is  worked  by  two  cranks,  Y  and  W,  situ¬ 
ated  at  right  angles  to  each  other ;  of  which  Y  is 
connected  with  the  slide-valve  I,  and  W  is  con¬ 
nected  to  the  eccentric  X,  which  is  worked  by  the 
fly-wheel  shaft  U. 

EMILY. 

But  the  steam  is  lost,  Mrs.  B. :  I  had  flattered 
myself  that  some  means  had  been  devised  of  turn¬ 
ing  it  to  account. 

MRS.  B. 

Not  lost,  though  it  is  no  longer  serviceable  in 
the  form  of  steam ;  for  it  gives  out  its  latent  heat 
to  the  water  in  the  condenser,  and  this  heated 
water  is  pumped  up  and  conveyed  into  the  boiler 
B,  Plate  YII.,  where  it  is  re-converted  into  steam 
at  a  much  less  expense  of  fuel  than  if  it  were  cold. 
The  condenser  IT,  you  will  observe,  is  situated  in 


STEAM-ENGINE. 


161 


a  cistern  of  cold  water  LL,  and  *  represents  the 
injection  cock,  by  means  of  which  a  stream  of  this 
water  is  constantly  flowing  into  the  condenser,  in 
order  to  re-convert  the  steam  into  water. 

CAROLINE. 

And  how  is  this  water  conveyed  into  the  boiler, 
to  be  again  transformed  into  steam  ? 

MRS.  B. 

The  bottom  of  the  condenser  communicates  with 
an  air-pump  MM,  which  raises  the  heated  water 
into  a  smaller  cistern  N,  from  whence  it  is  elevated 
by  the  forcing  pump  O,  and  conveyed  through  a 
pipe  which  is  not  delineated  in  the  plate  into  a 
cistern  P,  situated  immediately  over  the  boiler,  into 
which  it  descends  through  the  pipe  Q.— The  small 
lever  attached  to  this  cistern,  having  a  weight  sus¬ 
pended  at  one  end,  and  a  float  R  which  rests  upon 
the  surface  of  the  water  hanging  from  the  other, 
is  a  contrivance  to  admit  into  the  boiler  exactly 
the  quantity  of  water  required.  In  the  present 
position  of  the  lever,  that  quantity  is  duly  adjusted; 
but  should  the  boiler  be  further  filled,  the  float 
which  always  remains  on  the  surface  of  the  water, 
and  the  rod  to  which  it  is  attached,  must  lise  and 
elevate  that  arm  of  the  lever  to  which  it  is  sus¬ 
pended  ;  the  other  arm  will  consequently  descend, 
and  a  valve  S,  which  is  suspended  to  that  arm, 
will  close  the  pipe  Q  so  as  to  impede  the  entrance 
of  more  water  into  the  boiler.  But  as  soon  as  the 
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superabundance  of  water  in  the  boiler  is  converted 
into  steam,  and  has  passed  off  into  the  cylinder, 
and  the  water  resumes  its  former  level,  the  float 
descending,  restores  the  lever  to  its  horizontal 
position,  raises  the  valve  S,  and  re-opens  a  com¬ 
munication  for  the  admission  of  water  from  the 
condenser. 

EMILY. 

This  is  a  most  ingenious  contrivance ;  yet  the 
invention  of  a  separate  vessel  to  condense  the 
steam  was,  I  think,  the  most  happy  idea,  and  so 
simple  that  I  wonder  it  did  not  occur  sooner.  But 
since  it  is  essential  to  preserve  the  high  tempera¬ 
ture  of  the  cylinder,  I  should  think  it  might  be 
useful  to  cover  it  with  flannel,  or  some  other  bad 
conductor  of  heat,  in  order  to  prevent  its  radiating 
off  caloric ;  and  I  wonder  that  the  cylinder  should 
be  made  of  metal,  which  is  so  good  a  conductor  of 
heat  ? 

MRS.  B. 

Metal,  though  a  good  conductor,  is,  you  know, 
a  bad  radiater ;  besides,  no  other  substance  would 
have  sufficient  strength  and  durability  for  the  pur¬ 
pose.  Then,  instead  of  flannel,  the  cylinder,  in 
lar&e  engines,  is  frequently  enclosed  in  a  larger 
metallic  case,  called  a  jacket,  and  the  intervening 
part  is  kept  filled  with  steam,  so  that  the  cylinder 
itself  is  in  a  sort  of  steam-bath,  and  suffers  no 
diminution  of  temperature. 

The  lever  T  T  of  this  steam-engine,  you  will  ob- 
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serve,  is  of  a  very  different  construction  from  that 
of  Newcomen’s :  instead  of  a  cumbrous  beam  of 
wood,  it  consists  of  a  plate  of  iron,  strengthened  by 
three  ribs  or  bars  of  iron,  to  the  central  one .  of 
which  is  attached  the  several  rods  1,  2,  3, 4,  which 
work  the  piston  of  the  cylinder,  and  those  of  the 
pumps,  and  finally  the  rod  5,  which  is  the  opera¬ 
tive  power  of  the  machine.  This  was  another 
improvement  of  Mr.  Watt:  he  also  added  a  fly¬ 
wheel,  U,  the  effect  of  which,  you  may  recollect, 
is  to  equalise  the  motion  of  a  machine,  and  render 
it  uniform.* 

CAROLINE. 

This  must  be  peculiarly  applicable  to  a  steam- 
engine,  whose  motion  must  necessarily  be  accele¬ 
rated  every  time  the  furnace  is  replenished  with 
fuel,  and  retarded  when  the  fuel  begins  to  be  ex¬ 
pended. 

MRS.  B. 

This  irregularity  is  counteracted  by  another 
contrivance,  which  I  shall  now  explain  to  you. 
The  chief  purpose  of  the  fly-wheel  is  to  carry  on 
the  action  of  the  machine  during  an  instant  that 
occurs  at  every  stroke  of  the  piston,  when  it  is  at 
either  end  of  the  cylinder,  and  the  crank  rod  and 
the  crank  are  both  in  one  and  the  same  direction. 
In  fig.  7.  the  piston  is  represented  at  the  top  of 
the  cylinder,  and  the  action  of  the  steam  would 
tend  to  pull  the  crank  upwards,  without  any  part 

*  See  Conversations  on  Natural  Philosophy,  p.  140. 
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of  the  force  being  applied  to  turn  it.  Again, 
when  the  piston  has  moved  to  the  bottom  of  the 
cylinder,  and  the  crank  has  described  half  a  re¬ 
volution,  the  crank  will  be  in  a  vertical  position, 
and  the  action  of  the  steam  can  only  tend  to  push 
it  downwards  in  a  straight  line.  At  those  instants 
the  engine  might  possibly  stop,  were  it  not  for  the 
force  of  inertia  of  the  fly-wheel,  which  carries  on 
the  motion,  and  renders  it  uniform. 

The  contrivance  by  means  of  which  the  quantity 
of  steam  that  enters  into  the  cylinder  from  the 
boiler  is  regulated,  I  shall  now  explain  to  you:  6  is 
a  valve  in  the  steam-pipe  c,  called  a  throttle-valve, 
because  it  enlarges  or  diminishes  the  throat  or 
passage  in  order  to  regulate  the  quantity  of  steam, 
so  as  to  make  the  piston  move  with  the  degree  of 
velocity  required. 

CAROLINE. 

But  one  would  suppose  the  valve  to  be  en¬ 
dowed  with  intelligence  to  enable  it  to  proportion 
its  aperture  to  the  quantity  of  steam  required  ? 

MRS.  B. 

sThat  intelligence  alone  belongs  to  man ;  his  skill 
transfers  it  mechanically  to  inanimate  matter,  in  a 
manner  so  wonderful,  that,  it  is  true,  it  sometimes 
appears  as  if  it  inspired  these  materials  with  reason. 

EMILY. 

Very  true;  after  having  carried  our  ingenuity 
so  far  as  to  make  a  few  pieces  of  metal,  cut  out  in 
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different  forms,  and  adjusted  together,  show  us  the 
hour  of  the  day,  and  even  call  out  and  tell  it  to  us, 
we  can  be  surprised  at  no  mechanical  invention ; 
and  it  appeared  to  me  quite  natural  that  the 
Chinese,  in  Captain  Hall’s  Voyage  to  Loo  Choo, 
should  have  supposed  a  watch  to  be  alive. 

MBS.  B. 

But  to  return  to  the  regulator  of  the  steam- 
engine,  —  it  was  Mr.  Watt  who  first  contrived  to 
make  this  throttle- valve  self-acting,  by  adjusting  it 
so,  that  when  the  piston  was  moving  with  too  great 
velocity  it  would  contract  and  admit  less  steam  into 
the  cylinder,  and  thus  diminish  the  speed  of  the 
machine ;  and  when,  on  the  contrary,  it  was 
moving  too  slowly,  it  would  enlarge  and  admit  a 
greater  quantity  of  steam,  and  thus  accelerate  its 
velocity. 

The  two  balls  a  a,  Plate  VII.,  are  so  adjusted 
that  the  motion  of  the  piston  makes  them  revolve 
round  the  spindle  b.  When  the  piston  moves  with 
proper  celerity,  these  balls,  during  their  revo¬ 
lutions,  will  remain  at  the  distance  from  each 
other  described  in  the  plate  ;  but  what  will  occur 
if  the  velocity  of  the  piston  be  increased  ? 

EMILY. 

If  you  increase  the  cause,  the  effect  will  be  in¬ 
creased  in  proportion ;  the  velocity  of  the  balls  will 
be  accelerated,  and  their  centrifugal  force  conse- 
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quently  augmented,  so  that  they  will  recede  further 
from  each  other. 

MBS.  B. 

Very  well;  now  these  balls  are  connected  with 
the  throttle-valve  6  by  means  of  the  rods  c  d,  in 
such  a  manner,  that  when  the  balls  recede  from 
each  other,  the  rods  c  and  d  are  a  little  elevated, 
and  the  valve,  which  is  a  thin  vane  moving  upon 
a  pivot,  presents  its  face  to  the  stream  of  steam 
issuing  from  the  boiler,  and  in  a  great  measure  op¬ 
poses  its  passage  by  almost  closing  the  pipe.  When, 
on  the  contrary,  the  piston  moves  too  slowly,  the 
motion  of  the  balls  being  retarded,  and  their  cen¬ 
trifugal  force  diminished,  they  approach  each  other, 
the  rods  c  and  d  are  depressed,  and  the  valve 
moving  on  its  pivot  is  turned  edgeways  towards 
the  steam,  and  thus  leaves  it  a  free  passage.  This 
apparatus,  which  regulates  the  throttle-valve,  is 
called  the  governor. 

EMILY. 

It  is  a  very  ingenious  contrivance ;  but,  Mrs.  B., 
there  is  something  which  still  perplexes  me.  The 
motion  of  the  ends  of  the  lever-beam  is  in  a  curve 
line,  yet  the  piston  must  move  up  and  down  in  a 
straight  line :  now,  how  can  a  power  moving  in  a 
curve  line  produce  motion  in  a  straight  line  in 
another  body  ? 

MES.  B. 

Mr.  Watt  had  some  trouble  in  surmounting  this 
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difficulty ;  but  bis  indefatigable  ingenuity  discovered 
a  means  of  overcoming  it,  which  is  called  the 
parallel  motion.  He  adjusted  a  system  of  levers, 
e?  g>  h,  in  such  a  manner,  that  though  the  lever- 
beam  in  its  rising  and  falling  described  the  arc  of 
a  circle,  that  of  the  piston  was  rectilinear ;  but 
this  piece  of  mechanism  it  would  take  us  much 
time  to  explain. 

EMILY. 

Pray  how  are  the  high-pressure  engines  con¬ 
structed,  which  have  been  described  as  so  dan¬ 
gerous  ? 

MBS.  B. 

They  act  on  the  same  principle  as  that  we  have 
just  examined;  but,  instead  of  being  furnished  with 
a  condenser  and  air-pump,  the  steam  is  allowed  to 
escape  from  the  cylinder  into  the  open  air ;  this 
communication  with  the  atmosphere  renders  it  ne¬ 
cessary  that  the  steam  should  have  a  much  greater 
force  than  the  pressure  of  the  atmosphere,  as  it 
must  counterbalance  that  pressure  before  it  can  act 
upon  the  piston.  We  know  from  experiment  that 
steam  rising  from  water,  heated  to  the  boiling  point 
or  the  temperature  of  212°  of  Fahrenheit,  will  ba¬ 
lance  the  pressure  of  the  atmosphere  ;  or,  which  is 
the  same  thing,  press  against  the  piston  with  a 
force  equal  to  nearly  15  lbs.  on  every  square  inch; 

2  lbs.  above  this,  1 7  lbs.,  is  the  force  employed  in  the 
condensing  or  low-pressure  engines ;  but  in  those 
which  have  no  condenser  the  water  in  the  boiler 


M  4 


168 


STEAM-ENGINE. 


is  heated  considerably  beyond  the  boiling  point, 
acquires  a  very  great  expansive  force,  and  exerts 
a  proportional  pressure  on  the  piston ;  it  is  some¬ 
times  carried  so  far  as  to  work  the  piston  with  a 
pressure  of  60  or  80  lbs.  on  every  square  inch. 
This  highly  elastic  steam  entering  alternately  at 
each  end  of  the  cylinder,  will  drive  the  piston 
backwards  and  forwards  notwithstanding  the  pres¬ 
sure  of  the  atmosphere ;  and  no  condenser  being 
used,  the  steam  escapes  through  a  tube  called  a 
waste-pipe.  It  is  easy  to  conceive  that  the  greater 
the  elasticity  of  the  steam,  the  greater  is  the 
chance  of  the  boiler  bursting ;  but  the  cheapness 
of  these  engines,  owing  to  the  simplicity  of  their 
construction,  and  the  convenience  of  occupying  a 
comparatively  small  space,  are  great  advantages. 
I  have,  indeed,  heard  it  observed  by  some  en¬ 
gineers,  that  the  absolute  necessity  of  extreme 
caution  in  high-pressure  engines  renders  them, 
perhaps,  less  liable  to  accidents  than  those  of  low 
pressure ;  and  they  now  excite  less  alarm,  and  are 
more  used  than  they  were  some  years  ago. 

EMILY. 

The  additional  quantity  of  fuel  required  to  bring 
the  water  to  so  high  a  temperature,  and  the  total 
loss  of  the  steam,  would,  I  should  have  thought, 
more  than  have  counterbalanced  the  advantage  of 
cheapness  in  the  original  cost  of  the  engine. 

MRS.  B. 

In  coal  mines,  in  which  such  engines  have  been 
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used,  the  quantity  of  fuel  is  scarcely  a  consider¬ 
ation. 

Within  these  few  years,  Mr.  TVrolfe  has  con¬ 
structed  an  engine,  consisting  of  the  high-pressure 
and  the  condensing  engine  united  together.  The 
steam  of  the  first,  instead  of  being  lost,  is  conveyed 
into  the  condensing  engine,  simply  by  connecting 
the  cylinders  of  the  two  engines  by  a  pipe,  which 
conveys  the  steam  from  the  one  to  the  other ; 
acting  as  a  waste-pipe  to  carry  off  the  steam  from 
the  high-pressure  engine,  and  as  a  steam-pipe  to 
convey  it  into  the  condensing  engine.  He  has, 
besides,  diminished  the  danger  of  high  pressure 
very  considerably,  by  constructing  the  boilers 
either  of  wrought  iron  or  of  copper,  instead  of  cast 
iron.  In  cases  of  accident,  the  former  gradually 
rend,  producing  a  less  violent  explosion  than  the 
latter,  which  suddenly  burst.  Besides,  the  ordi¬ 
nary  safety  valves  formed  of  thin  copper,  and  with¬ 
out  any  external  orifice,  are  usually  adapted  to  these 
engines ;  for  the  same  reason,  plugs,  made  of  a 
very  fusible  alloy  of  lead,  bismuth,  and  tin,  which 
melt  if  the  heat  exceed  the  temperature  required, 
are  occasionally  inserted  in  the  bottom  of  the 
boiler. 

Engines  of  this  description  have  been  applied 
by  Mr.  Wolfe  to  working  the  mines  in  Cornwall, 
and  the  economy  in  fuel  is  such,  that  this  com¬ 
bination  of  the  two  engines  is  considered  as  one 
of  the  most  useful  improvements  that  have  been 
made  since  the  time  of  Mr.  Watt. 
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CAROLINE. 

Pray,  why  is  the  engine  of  Mr.  Watt,  which  you 
have  described  to  us,  called  a  double  steam-engine  ? 

MRS.  B. 

It  is  in  order  to  distinguish  it  from  those  of  a 
different  construction,  which  he  first  made,  and 
which  bear  the  name  of  single  engines,  owing  to 
the  steam  being  introduced  only  above  the  piston, 
and  used  to  force  it  down,  instead  of  the  atmo¬ 
spheric  pressure,  which,  as  I  before  observed,  was 
attended  with  the  inconvenience  of  cooling  the 
cylinder,  and  the  piston  was  afterwards  raised  by  a 
counterpoise  at  the  opposite  end  of  the  lower  beam. 
The  steam  in  this  case  acts  on  the  piston  only  at 
every  other  stroke  of  the  lever;  only  half  the 
quantity  of  steam  is  used ;  but  then  only  half,  or 
less  than  half,  the  power  is  obtained :  it  is  in  con¬ 
sequence  of  those  engines  (on  which  the  steam  acts 
both  above  and  below  the  piston)  performing  double 
the  quantity  of  work,  that  they  have  acquired  the 
name  of  double  engines. 

I  shall  not  risk  fatiguing  you  with  an  account 
of  the  manner  in  which  the  engine  is  adapted  to 
steam-boats,  to  locomotive  carriages,  or  the  various 
other  purposes  to  which  it  is  applied.  If  you  com¬ 
prehend  the  principle  of  its  action,  it  is  easy  to 
conceive  that  it  may  be  so  modified,  as  to  render 
it  applicable  to  wheels,  or  any  other  mechanical 
power  whatever. 
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I  cannot  conclude  this  subject  better  than  in  the 
words  of  Mr.  Stuart,  in  his  descriptive  history  of 
the  steam-engine :  “  We  have  said  that  Mr.  Watt 
was  the  great  improver  of  the  steam  engine ;  but 
in  truth,  as  to  all  that  is  admirable  in  its  structure, 
or  vast  in  its  utility,  he  should  rather  be  described 
as  its  inventor.  It  was  by  his  invention  that  its 
action  was  so  regulated  as  to  make  it  capable  of 
being  applied  to  the  finest  and  most  delicate  ma¬ 
nufactures,  and  its  power  so  increased  as  to  set 
weight  and  solidity  at  defiance.  By  his  admirable 
contrivances,  it  has  become  a  thing  alike  stupen¬ 
dous  for  its  force  and  its  flexibility ;  for  the  pro¬ 
digious  powers  which  it  can  exert,  and  the  ease, 
precision,  and  ductility  with  which  they  can  be 
varied,  distributed,  and  applied.  The  trunk  of 
an  elephant  that  can  pick  up  a  pin,  or  rend  an 
oak,  is  nothing  to  it.  It  can  engrave  a  seal,  and 
crush  masses  of  obdurate  metal  like  wax  before  it; 
draw  out,  without  breaking,  a  thread  as  fine  as  a 
gossamer,  and  lift  a  ship  of  war  like  a  bubble  in 
the  air.  It  can  embroider  muslin,  forge  anchors, 
cut  steel  into  ribands,  and  impel  loaded  vessels 
against  the  fury  of  the  winds  and  waves. 

“  It  would  be  difficult  to  estimate  the  value  of 
the  benefits  which  these  inventions  have  conferred 
upon  the  country.  There  is  no  branch  of  industry 
that  has  not  been  indebted  to  them ;  and  in  all  the 
most  material,  they  have  not  only  widened  most 
magnificently  the  field  of  its  exertions,  but  multi- 
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plied  a  thousand-fold  the  amount  of  its  productions. 
It  is  our  improved  steam-engine  that  has  fought 
the  battles  of  Europe,  and  exalted  and  sustained, 
through  the  late  tremendous  contest,  the  political 
greatness  of  our  land.  It  is  the  same  great  power 
that  now  enables  us  to  pay  the  interest  of  our  debts, 
and  to  maintain  the  arduous  struggle  in  which  we 
are  still  engaged,  against  the  skill  and  capital  of  all 
other  countries.  But  these  are  poor  and  narrow 
views  of  its  importance.  It  has  increased  indefi¬ 
nitely  the  mass  of  human  comforts  and  enjoyments, 
and  rendered  cheap  and  accessible,  all  over  the 
world,  the  materials  of  wealth  and  prosperity ;  it 
has  armed  the  feeble  hand  of  man,  in  short,  with  a 
power  to  which  no  limits  can  be  assigned,  com¬ 
pleted  the  dominion  of  mind  over  matter,  and  laid 
a  sure  foundation  for  all  those  future  miracles  of 
mechanical  power  which  are  to  aid  and  reward  the 
labour  of  after-generations.” 
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MRS.  B. 

It  will  now  be  necessary  to  give  you  some  account 
of  certain  properties  of  electricity,  which  have  of 
late  years  been  discovered  to  have  an  essential 
connection  with  the  phenomena  of  chemistry.  I 
allude  to  the  Voltaic  battery,  of  which  you  have 
heard  such  wonders. 

EMILY. 

We  have,  indeed,  but  without  understanding 
them;  and  I  should  be  delighted  to  hear  them 
explained.  Electricity  is,  I  believe,  the  third 
imponderable  agent  in  the  first  class  ? 

MRS.  B. 

I  have  placed  electricity  in  that  class,  rathe7 
from  the  necessity  of  classing  it  somewhere,  than 
from  any  conviction  that  it  has  a  right  to  that 
situation;  for  we  are  as  yet  so  ignorant  of  its 
intimate  nature,  that  we  are  unable  to  determine, 
not  only  whether  it  is  simple  or  compound,  but 
whether  it  is  in  fact  a  material  agent ;  or,  as  Sir 
H.  Davy  has  hinted,  whether  it  may  not  be  merely 
a  property  inherent  in  matter. 
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CAROLINE. 

Well,  I  must  confess,  I  do  not  feel  nearly  so 
Interested  in  a  science  where  so  much  uncertainty 
prevails,  as  in  those  which  rest  upon  established 
principles.  I  never  was  fond  of  electricity,  be¬ 
cause,  however  beautiful  and  curious  the  pheno¬ 
mena  it  exhibits  may  be,  the  theories,  by  which 
they  were  explained,  appeared  to  me  so  various, 
so  obscure  and  inadequate,  that  I  always  remained 
dissatisfied.  I  was  in  hopes  that  the  new  disco¬ 
veries  in  electricity  had  thrown  so  great  a  light  on 
the  subject,  that  every  thing  respecting  it  would 
now  have  been  clearly  explained. 

MRS.  B. 

That  is  a  point  which  we  are  yet  far  from 
having  attained.  But,  in  spite  of  the  imperfection 
of  our  theories,  you  will  be  amply  repaid  by  the 
importance  and  novelty  of  the  subject.  The 
number  of  new  facts  which  have  already  been 
ascertained,  and  the  immense  prospect  of  discovery 
which  has  lately  been  opened  to  us,  will,  I  hope, 
ultimately  lead  to  a  perfect  elucidation  of  this 
branch  of  natural  science ;  but  at  present  you  must 
be  contented  with  studying  the  effects,  and  in  some 
degree  explaining  the  phenomena,  without  as¬ 
piring  to  a  precise  knowledge  of  the  remote  cause 
of  electricity. 

We  shall  adopt  the  opinion  entertained  by  the 
most  eminent  philosophers,  that  there  are  two 
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kinds  of  electricity,  distinguished  by  different 
names;  the  one  called  vitreous  or  positive  elec¬ 
tricity  ;  the  other,  resinous  or  negative  electricity. 
These  fluids  are  supposed  to  pervade  all  bodies, 
and  so  long  as  they  remain  united,  they  appear 
to  neutralise  each  other ;  for  the  body  in  which 
they  exist  shows  no  sign  of  electricity,  but  no 
sooner  are  they  separated  than  electricity  is  ex¬ 
cited.  This  separation  of  the  fluids,  we  have  ob¬ 
served,  takes  place  by  friction :  thus,  if  you  rub  a 
tube  of  glass  with  a  woollen  cloth,  the  two  electri¬ 
cities  are  disunited,  the  resinous  passing  into  the 
cloth,  and  descending  into  the  ground,  and  the 
vitreous  remaining  isolated  in  the  tube.  In  this 
state  its  attraction  for  the  resinous  electricity  is  so 
great,  that  it  will  take  it  from  any  body  with  which 
it  comes  in  contact,  and  will  even  draw  very  light 
bodies  towards  it  for  that  purpose,  as  you  may  re¬ 
collect  having  seen  a  glass  tube,  or  a  stick  of  seal¬ 
ing-wax,  after  friction,  attracting  small  pith  balls 
in  its  vicinity. 

EMILY. 

Oh,  yes;  the  glass  tube  snatches,  as  it  were,  the 
resinous  electricity  from  them,  and  they  return 
charged  with  vitreous  electricity ;  whilst,  if  it  be 
sealing-  wax  which  is  rubbed,  it  is,  on  the  contrary, 
the  vitreous  electricity  which  is  taken  from  the 
pith  ball,  that  of  the  sealing-wax  having  been 
passed  into  the  rubber  during  the  friction. 
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MRS.  B. 

Very  well.  Hitherto  we  have  considered  the 
electricities  which  have  been  separated  by  friction ; 
we  shall  now  examine  that  which  is  produced  by 
contact  and  by  chemical  agency. 

It  was  a  trifling  and  accidental  circumstance 
which  first  gave  rise  to  this  new  branch  of  physi¬ 
cal  science.  Galvani,  a  professor  of  natural  phi¬ 
losophy  at  Bologna,  being  engaged  (about  forty 
years  ago)  in  some  experiments  on  muscular  irri¬ 
tability,  observed,  that  when  a  piece  of  metal  was 
laid  on  the  nerve  of  a  frog,  recently  dead,  whilst 
the  limb  supplied  by  that  nerve  rested  upon  some 
other  metal,  the  limb  suddenly  moved,  on  a  com¬ 
munication  being  made  between  the  two  pieces  of 
metal. 

EMILY. 

How  is  this  communication  made  ? 

MRS*  B. 

Either  by  bringing  the  two  metals  into  contact, 
or  by  connecting  them  by  means  of  a  metallic  con¬ 
ductor.  But  without  subjecting  a  frog  to  any  cruel 
experiments,  I  can  easily  make  you  sensible  of  this 
kind  of  electric  action.  Here  is  a  piece  of  zinc, 
(one  of  the  metals  I  mentioned  in  the  list  of  ele¬ 
mentary  bodies)  —  put  it  under  your  tongue,  and 
this  piece  of  silver  upon  your  tongue,  and  let  both 
the  metals  project  a  little  beyond  the  tip  of  the 
tongue ;  —  very  well ;  —  now  make  the  projecting 
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parts  of  the  metals  touch  each  other,  and  you  will 
instantly  perceive  a  peculiar  sensation. 

EMILY. 

Indeed  I  did ;  a  singular  taste,  and  I  think  a 
degree  of  heat ;  but  I  can  hardly  describe  it. 

MRS.  B. 

The  action  of  these  two  pieces  of  metal  on  the 
tongue  is  precisely  similar  to  that  made  on  the 
nerve  of  a  frog.  I  shall  not  detain  you  by  a 
detailed  account  of  the  theory  by  which  Galvani 
attempted  to  explain  this  fact,  as  it  was  soon  over¬ 
turned  by  subsequent  experiments,  which  proved 
that  Galvanism  (the  name  this  new  power  had  ob¬ 
tained)  was  nothing  more  than  electricity.  Galvani 
supposed  that  the  virtue  of  this  new  agent  resided 
in  the  nerves  of  the  frog;  but  Yolta,  who  pro¬ 
secuted  this  subject  with  much  greater  success, 
showed  that  the  phenomena  did  not  depend  on  the 
organs  of  the  frog,  but  upon  the  electrical  agency 
of  the  metals,  which  is  excited  by  the  moisture  of 
the  animal ;  the  organs  of  the  frog  being  only  a 
delicate  test  of  the  presence  of  electric  influence. 

He  proved,  by  a  variety  of  experiments,  that 
when  two  metals,  having  been  placed  in  contact, 
are  afterwards  separated,  the  equilibrium  of  the 
two  electricities  is  deranged ;  part  of  the  vitreous 
passing  into  the  one,  and  part  of  the  resinous  into 
the  other.  It  appears,  however,  that  some  inter¬ 
vening  fluid  is  necessary  to  produce  this  effect ; 
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for,  if  the  contact  of  the  plates  be  made  in  a  per¬ 
fectly  dry  vacuum,  no  electricity  is  excited. 

EMILY. 

Is  the  air,  then,  sufficient  to  develope  electricity? 

MRS.  B. 

It  is,  perhaps,  rather  the  moisture  and  the  car¬ 
bonic  acid  contained  in  the  atmosphere  which 
produce  this  effect. 

CAROLINE. 

I  suppose,  then,  the  saliva  of  the  mouth  answers 
the  same  purpose  in  exciting  the  electricity  of  the 
pieces  of  silver  and  zinc  with  which  Emily  tried 
the  experiment  on  her  tongue  ? 

MRS.  B. 

Precisely.  Water,  and  acids  very  much  diluted 
by  water,  are  found  to  be  the  most  effectual  in  pro¬ 
moting  the  development  of  electricity  in  metals ; 
and,  accordingly,  the  original  apparatus  which 
Volta  first  constructed  for  this  purpose  consisted 
of  a  pile  or  succession  of  plates  of  zinc  and  copper, 
each  pair  of  which  was  connected  by  pieces  of 
cloth  or  paper  impregnated  with  water ;  and  this 
instrument,  from  its  original  inconvenient  struc¬ 
ture  and  limited  strength,  has  gradually  arrived  at 
its  present  state  of  power  and  improvement,  such 
as  is  exhibited  in  the  Voltaic  battery.  In  this 
apparatus,  a  specimen  of  which  you  see  before  you 
(Plate  IX.  fig.  1.),  the  plates  of  zinc  and  copper 
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are  soldered  together  in  pairs,  each  pair  being 
placed  at  regular  distances  in  earthen  troughs, 
and  the  interstices  being  filled  with  fluid. 

In  order  to  render  the  action  of  the  Voltaic 
battery  more  easy  to  comprehend,  let  us  at  present 
confine  our  attention  to  the  action  of  two  plates 
only.  If  a  plate  of  zinc  be  placed  opposite  to  one 
of  copper,  as  you  see  represented  here  (fig.  2.),  and 
the  space  between  them  filled  with  an  acid  fluid, 
the  two  electricities  will  be  disengaged  from  their 
opposite  surfaces ;  the  copper  will  give  out  the 
resinous,  and  the  zinc  the  vitreous.  These  elec¬ 
tricities,  developed  by  the  chemical  action  of  the 
acid,  will  also  be  conveyed  by  it  to  the  opposite 
plates,  so  that  the  vitreous  will  be  accumulated  in 
the  plate  of  copper,  and  the  resinous  in  that  of 
zinc  :  or,  in  other  words,  the  copper  will  be  posi¬ 
tively  electrified,  and  the  zinc  negatively. 

EMILY. 

This  is  very  similar  to  the  common  electrical 
machine,  excepting  that  their  friction  is  alone  re¬ 
quired  to  separate  the  two  electricities  of  the  glass 
plate  (Plate  IX.  fig.  3  .)  ;  for  it  is  by  its  rotation 
that  the  resinous  electricity  is  given  out  into  the 
rubber ;  whilst  the  vitreous  remains  in  the  glass, 
whence  it  passes  into  the  conductor. 

MRS.  B. 

But  you  may  recollect  that,  unless  a  commu¬ 
nication  be  made  between  the  rubber  and  the 
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ground,  a  very  limited  quantity  of  electricity  can 
be  evolved,  for  the  rubber  has  too  small  a  capacity 
to  admit  of  any  considerable  accumulation  of  the 
electric  fluid. 

CAROLINE. 

And  these  two  small  plates  of  metal  must  have 
still  less  capacity  ? 

MRS.  B. 

Very  true.  Therefore,  if  they  are  not  in  com¬ 
munication  with  other  bodies  to  which  they  may 
impart  their  electricities,  the  quantity  developed 
will  be  very  limited.  In  order  that  it  may  be 
evolved  freely,  and  without  interruption,  some 
means  must  be  devised  by  which  the  two  plates 
may  part  with  their  electricities  as  soon  as  they 
receive  them.  Can  you  think  of  any  mode  of 
accomplishing  this  ? 

CAROLINE. 

By  the  addition  of  more  plates,  into  which  the 
electricity  may  pass  in  proportion  as  it  is  deve¬ 
loped;  and  it  is  no  doubt  thus  that  the  Voltaic 
battery  is  constructed. 

MRS.  B. 

It  is  true  that  the  greater  the  number  of  plates, 
the  greater  will  be  the  intensity  of  the  battery  ;  for 
the  electricity  is  conveyed  from  one  plate  to  the 
other,  till  the  whole  of  it  is  accumulated  in  the 
two  plates  which  terminate  the  battery ;  the  posi- 
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tive  electricity  in  the  copper  plate  at  one  extremity 
and  the  negative  in  the  zinc  at  the  other. 

These  two  extremities  are  called  the  poles  of 
the  battery ;  the  copper  plate  is  the  positive  pole, 
and  the  zinc  plate  the  negative  pole ;  and  each 
of  these  plates  bear  the  whole  charge  of  their  re¬ 
spective  electricities. 

But  you  have  removed  the  difficulty  without 
overcoming  it,  Caroline ;  for  if  these  two  plates 
have  no  means  of  getting  rid  of  their  charge,  no 
further  electricity  can  be  given  out,  and  the  action 
of  the  battery  will  cease. 

EMILY. 

Would  not  two  chains  or  wires,  suspended  from 
either  plate  to  the  ground,  conduct  the  electricities 
into  the  earth,  and  thus  answer  the  purpose  ? 

MRS.  B. 

It  would  answer  the  purpose  of  carrying  off  the 
electricity,  I  admit :  but  recollect  that,  though  it 
is  necessary  to  find  a  vent  for  it,  we  must  not  lose 
it,  since  it  is  the  power  we  are  endeavouring  to 
obtain.  Instead,  therefore,  of  conducting  it  into 
the  "round,  let  us  make  the  two  wires  from  the 
two  poles  meet  (Plate  IX.  fig.  1.) :  the  two  electri¬ 
cities  will  thus  be  brought  together,  and  will  com¬ 
bine  and  neutralise  each  other ;  and  as  long  as  this 
communication  continues,  the  two  plates  having  a 
vent  for  their  respective  electricities,  the  action  of 
the  battery  will  go  on  freely  and  uninterruptedly. 
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CAROLINE. 

This  is,  indeed,  a  most  admirable  invention. 
How  far  superior  to  the  electrical  machine,  in 
which  one  of  the  electricities  is  conveyed  into 
the  ground  and  totally  lost !  Here,  nothing  is 
wasted. 

EMILY. 

And  is  it  quite  certain  that  the  electricity  of  the 
Voltaic  battery  is  precisely  of  the  same  nature  as 
that  of  the  common  electrical  machine  ? 

MRS.  B. 

Undoubtedly ;  the  shock  given  to  the  human 
body,  the  spark,  the  circumstance  of  the  same 
substances  which  are  conductors  of  the  one  being 
also  conductors  of  the  other,  and  of  those  bodies, 
such  as  glass  and  sealing-wax,  which  are  non¬ 
conductors  of  the  one,  being  also  non-conductors 
of  the  other,  are  striking  proofs  of  it.  Besides, 
Sir  H.  Davy  has  shown,  in  his  Lectures,  that  a 
Leyden  jar  and  a  common  electric  battery  can  be 
charged  with  electricity  obtained  from  a  Voltaic 
battery,  the  effect  produced  being  perfectly  similar 
to  that  obtained  by  a  common  machine ;  and  ex¬ 
periments  have  been  made  by  Dr.  Wollaston  and 
other  celebrated  chemists,  which  fully  demon¬ 
strate  the  identity  of  these  electricities. 

CAROLINE. 

Then  why  not  use  the  common  machine  for 
chemical  decompositions  ? 
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MRS.  B. 

Because  for  sucli  purposes  its  effects  are  in¬ 
comparably  weaker.  Dr.  Wollaston,  in  using  it 
for  chemical  decompositions,  was  obliged  to  act 
upon  the  most  minute  quantities  of  matter ;  and 
though  the  result  was  satisfactory  in  proving  the 
similarity  of  its  effects  to  those  of  the  Y oltaic  bat¬ 
tery,  these  effects  were  too  small  in  extent  to  be 
practically  applicable  to  chemical  decomposition. 

CAROLINE. 

How  terrible,  then,  must  be  the  shock  from  a 
Voltaic  battery ! 

MRS.  B. 

It  is  by  no  means  so  formidable  as  you  would 
imagine.  The  superiority  of  the  Voltaic  battery 
over  the  electrical  machine  consists  not  in  its  in¬ 
tensity,  but  in  its  continued  action.  In  the  com¬ 
mon  machine,  no  sooner  are  the  two  electricities 
united  than  the  equilibrium  is  restored,  and  the 
action  ceases.  To  produce  a  second  charge,  the 
friction  must  be  repeated,  and  the  electricities 
separated  anew.  In  the  Voltaic  battery,  on  the 
contrarv,  the  union  of  the  two  electricities,  so  far 
from  destroying  the  action  of  the  battery,  increases 
its  energy. 

EMILY. 

Certainly  ;  because  it  makes  way  for  the  disen¬ 
gagement  of  more  electricity ;  just  as  the  chain 
communicating  with  the  ground  makes  way  for 
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the  resinous  electricity  to  pass  through  the  rub¬ 
ber,  and  thus  promotes  the  accumulation  of  the 
vitreous  in  the  glass  plate. 

MRS.  B. 

True;  but  observe  that  the  two  electricities 
in  the  battery  act  in  a  continued  series  of  small 
successive  charges,  forming  a  constant  electrical 
current.  Therefore,  though  the  shock,  or  single 
instantaneous  effect,  produced  by  the  common 
electrical  machine,  is  more  intense,  the  power  of 
the  Voltaic  battery  is  far  superior  when  a  con¬ 
tinued  action  is  required  ;  and  that  is  the  case  with 
chemical  decompositions. 

CAROLINE. 

Would  it  not  be  possible  to  increase  the  in¬ 
tensity  of  the  Voltaic  battery  till  it  should  equal 
that  of  the  common  machine  ? 

MRS.  B. 

It  can  be  increased  till  it  imitates  a  weak  elec¬ 
trical  machine,  so  as  to  produce  a  visible  spark 
when  accumulated  in  a  Leyden  jar. 

By  increasing  the  number  of  plates  of  a  battery, 
you  increase  its  intensity ,  whilst,  by  enlarging  the 
dimensions  of  the  plates,  you  augment  its  quantity. 
It  was  at  first  supposed  that  it  was  the  size,  rather 
than  the  number  of  plates  that  was  essential  to  the 
augmentation  of  power.  It  was,  however,  found, 
upon  trial,  that  the  quantity  of  electricity  pro- 
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ducecl  by  the  Voltaic  battery,  even  when  of  a  very 
moderate  size,  was  sufficiently  copious  for  chemical 
decomposition,  and  that  the  chief  advantage  in 
this  apparatus  consisted,  as  I  have  said,  in  the 
continuity  of  its  action. 

CAROLINE. 

Well,  now  that  we  understand  the  nature  of 
the  action  of  the  Voltaic  battery,  and  its  powers 
of  decomposing  compound  bodies,  I  long  to  hear 
an  account  of  the  chemical  discoveries  to  which  it 
has  given  rise. 

MRS.  B. 

You  must  restrain  your  impatience,  my  dear, 
for  I  cannot  with  any  propriety  introduce  the 
subject  of  these  discoveries  till  we  come  to  them 
in  the  regular  course  of  our  studies.  There 
is,  however,  one  respecting  the  Voltaic  pile, 
which,  though  not  immediately  connected  with 
chemistry,  is  too  curious  to  be  passed  over  in 
silence.  It  relates  to  the  influence  of  electricity 
on  magnetism,  first  observed  by  a  Danish  phi¬ 
losopher,  Mr.  Oersted.  You  already  know  some¬ 
thing  of  the  wonderful  property  of  the  magnetic 
needle  to  direct  one  of  its  extremities  towards  the 
north ;  and  you  may  easily  conceive  how  interest¬ 
ing  any  new  fact  relating  to  this  truly  mysterious 
agent  must  be  to  science.  The  fact  that  was  first 
discovered  is  this :  if  a  V oltaic  battery  be  so  placed 
as  to  have  its  negative  pole  directed  towards  the 
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south,  and  its  positive  one  towards  the  north,  a 
communication  being  at  the  same  time  established 
over  the  battery,  between  its  two  poles,  by  means 
of  a  metallic  wire;  and  if  a  magnetic  needle  be 
suspended  just  above  the  wire,  and  in  a  parallel 
direction,  the  needle  will  immediately  move  round 
upon  its  pivot,  its  northern  extremity  directing 
itself  towards  the  west ,  more  or  less,  according  to 
the  energy  of  the  pile,  while,  on  the  other  hand, 
if  the  magnetic  needle  be  placed  below  the  Y oltaic 
conductor,  it  will  likewise  begin  to  move  round, 
but  its  north  pole  will,  in  this  case,  point  towards 
the  east. 

EMILY. 

How  curious  this  is  ! 


MRS.  B. 

The  subject  has  been  further  investigated  by 
several  of  the  most  eminent  philosophers,  and  the 
facts  they  have  discovered  prove  that  the  electrical 
and  magnetic  fluids  are  the  same. 

EMILY. 

And  cannot  you  tell  us  by  what  means  this 
discovery  was  made  ? 

MRS.  B. 

The  experiments  are  far  too  difficult  for  me  to 
venture  on  their  explanation.  Besides,  they  be¬ 
long  rather  to  natural  philosophy  than  chemistry. 
I  must,  however,  tell  you,  that  Mr.  Faraday  has 
been  very  recently  engaged  in  investigating  this 
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subject  still  further.  His  experiments  were  made 
with  a  view  of  discovering  whether  lierlit  misdit 
not  also  be  of  the  same  nature  as  magnetism  and 
electricity ;  and  though  the  result  does  not  yet 
enable  him  to  affirm  that  light,  magnetism,  and 
electricity  are  identically  the  same,  we  are  led  to 
expect  that  such  will  prove  the  ultimate  result  of 
his  researches. 

Having  now  concluded  our  examination  of  the 
three  imponderable  agents, — heat,  light,  and  elec- 
tricity,  —  we  shall  proceed  to  the  second  class,  and 
oxygen  will  next  come  under  our  consideration. 


188 


CONVERSATION  VII. 

ON  OXYGEN  AND  NITROGEN. 


MRS.  B. 

To-day  we  shall  examine  the  chemical  properties 
of  the  ATMOSPHERE. 

CAROLINE. 

I  thought  that  we  were  first  to  learn  the  nature 
of  OXYGEN  ? 

MRS.  B. 

And  so  you  shall :  the  atmosphere  being  com¬ 
posed  of  two  principles,  oxygen  and  nitrogen, 
we  shall  proceed  to  analyse  it,  and  consider  its 
component  parts  separately. 

It  is  deviating,  it  is  true,  from  the  order  of  our 
arrangement,  to  introduce  oxygen  and  nitrogen  to 
your  acquaintance  simultaneously;  but  their  union 
in  the  atmosphere  is  so  interesting,  that  they  would 
both  lose  by  being  treated  of  independently  of 
each  other. 

EMILY. 

I  thought  that  the  atmosphere  had  been  a  very 
complicated  fluid,  composed  of  all  the  variety  of 
exhalations  from  the  earth. 
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MRS.  B. 

Such  substances  may  be  considered  rather  as 
heterogeneous  and  accidental,  than  as  forming  any 
of  its  component  parts ;  and  the  proportion  they 
bear  to  the  whole  mass  is  quite  inconsiderable. 

Atmospherical  air  is  composed  of  two  gases, 
known  by  the  names  of  oxygen  gas  and  nitrogen 
or  AZOTIC  GAS. 

EMILY. 

Pray  what  is  a  gas  ? 


MRS.  B. 

The  name  of  gas  is  given  to  any  fluid  capable  of 
existing  in  an  aeriform  state,  under  the  pressure 
and  at  the  temperature  of  the  atmosphere. 

CAROLINE. 

Then  water,  when  evaporated  by  heat,  is  a 
gas  ? 

MRS.  B. 

So  long  as  it  exists  in  an  aeriform  state  it  is ; 
but  when  steam  is  cooled  it  instantly  returns  to 
the  form  of  water.  But  many  of  the  airs  or  gases 
have  never  yet  been  rendered  liquid  or  solid,  and 
it  was  long  supposed  that  they  were  incapable  of 
being  so  changed.  The  experiments  of  Mr.  Fa¬ 
raday  have  however  proved,  that  several  bodies 
hitherto  considered  as  permanent  gases  may  be 
reduced  to  the  liquid  form  by  subjecting  them  to 
great  pressure  in  glass  vessels.  By  such  means, 
carbonic  acid,  sulphureous  acid,  sulphuretted  hy- 
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drogen,  nitrous  oxide,  euchlorine,  cyanogen,  am¬ 
monia,  chlorine,  and  muriatic  acid,  have  been 
made  to  assume  the  liquid  form,  and  appear  as 
limpid  and  highly  mobile  fluids.. 

EMILY. 

And  is  it  not  probable  that  other  gases  may  be 
condensed  by  similar  means,  and  that  nitrogen 
and  oxygen  may  become  liquid,  provided  a  suffi¬ 
ciently  powerful  compressing  force  were  applied  ? 

MRS.  B. 

Very  probably.  Mr.  Perkins,  who  attempted  to 
condense  atmospheric  air  into  a  liquid,  asserts, 
that  when  it  is  subjected  to  a  pressure  of  a  thou¬ 
sand  atmospheres  it  becomes  liquid,  and  that  a 
portion  remains  liquid  even  for  some  time  after 
the  removal  of  the  compression.  But  he  has  not 
told  us  what  method  he  employed  to  obtain  this 
enormous  pressure,  so  that  the  experiment  has  not 
been  verified. 

Mr.  Aime  has  subjected  gases  to  great  pres¬ 
sure,  by  sinking  them  deep  into  the  sea  in  an 
apparatus  adapted  to  the  purpose.  The  pressure 
on  nitrogen  gas  was  equal  to  200  atmospheres. 
He  ascertained  that  the  gases  diminished  in  vo¬ 
lume  in  a  greater  ratio  than  the  pressure  in¬ 
creased,  and  hence  concluded  that  they  became 
liquefied.  But  from  the  nature  of  the  experiment 
the  actual  result  could  not  be  ascertained. 

You  will  hear  more  on  this  subject  by  and  by ; 
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but  wc  must  now  return  to  the  examination  of  the 
simple  bodies  oxygen  and  nitrogen. 

EMILY. 

When  you  speak  of  the  simple  bodies  oxygen 
and  nitrogen,  do  you  mean  to  express  those  sub¬ 
stances  which  are  the  basis  of  the  two  sfases  ? 

\  0 

MRS.  B. 

Yes ;  for  they  can  properly  be  called  gases 
only  when  in  the  aeriform  state. 

CAROLINE. 

In  what  proportions  are  they  combined  in  the 
atmosphere  ? 

MRS.  B. 

The  oxygen  gas  constitutes  a  little  more  than 
one  fifth,  and  the  nitrogen  gas  a  little  less  than 
four  fifths.*  When  separated,  they  are  found  to 
possess  qualities  totally  different  from  each  other  : 
oxyen  gas  being  essential  both  to  respiration  and 
combustion,  while  neither  of  these  processes  can 
be  performed  in  nitrogen  gas. 

CAROLINE. 

But  if  nitrogen  gas  be  unfit  for  respiration,  how 
does  it  happen  that  the  large  proportion  of  it  which 
enters  into  the  composition  of  the  atmosphere  is 
not  a  great  impediment  to  breathing  ? 

*  The  proportion  of  oxygen  contained  in  the  atmosphere 
is  about  23  per  cent.  Oxygen  23-01 

Nitrogen  76‘99 


100-00 
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MRS.  B. 

We  should  breathe  more  freely  than  our  lungs 
could  bear,  if  we  respired  oxygen  gas  alone.  The 
nitrogen  is  no  impediment  to  respiration,  and 
doubtless  answers  some  useful  purpose  in  that 
process,  though  we  do  not  know  in  what  manner. 

EMILY. 

And  how  can  the  two  gases  which  compose  the 
atmospheric  air  be  separated  ? 

MRS.  B. 

There  are  many  ways  of  doing  this,  and  one  of 
the  most  interesting  is  by  combustion. 

EMILY. 

* 

You  surprise  me  !  How  is  it  possible  that  com¬ 
bustion  should  separate  the  gases  ? 

MRS.  B. 

Bodies  which  are  not  already  combined  with 
oxygen  will  attract  it,  and  at  a  certain  elevation 
of  temperature  absorb  it  from  the  atmosphere  ;  in 
which  case  the  nitrogen  gas  will  remain  alone, 
and  may  thus  be  obtained  in  its  separate  state. 

CAROLINE. 

I  do  not  understand  how  a  gas  can  be  ab¬ 
sorbed. 

MRS.  B. 

It  is  only  the  oxygen,  or  basis  of  the  gas,  which 
is  absorbed,  while  the  caloric  which  held  it  in  a 
gaseous  form  escapes. 
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EMILY. 

And  what  becomes  of  this  caloric  ? 

MRS.  B. 

We  shall  make  this  piece  of  dry  wood  attract 
oxygen  from  the  atmosphere,  and  you  will  see  what 
becomes  of  the  caloric. 

CAROLINE. 

lou  are  joking,  Mrs.  B.;  you  do  not  mean  to 
decompose  the  atmosphere  with  a  piece  of  dry 
stick  ? 

MRS.  B. 

IS  ot  the  whole  body  of  the  atmosphere,  certainly ; 
but  if  we  can  make  this  piece  of  wood  attract  any 
quantity  of  oxygen  from  it,  a  proportional  quan¬ 
tity  of  atmospherical  air  will  be  decomposed. 

CAROLINE. 

If  wood  has  so  strong  an  attraction  for  oxygen, 
why  does  it  not  decompose  the  atmosphere  spon¬ 
taneously  ? 

MRS.  B. 

Because,  as  I  have  told  you  before,  an  elevation 
of  temperature  is  requisite,  though  for  what  pur¬ 
pose  is  not  known ;  possibly  it  may  be  to  diminish 
the  cohesive  attraction  of  the  wood,  which  would 
enable  the  oxygen  to  penetrate  and  combine  with 
it  more  readily. 

What  means,  now,  shall  we  employ  to  raise  the 
temperature  of  the  wood,  so  as  to  enable  it  to 
attract  oxygen  from  the  atmosphere  ? 

YOL.  i.  o 
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CAROLINE. 

Holding  it  near  the  fire,  I  should  think,  would 
answer  the  purpose. 

MRS.  B. 

It  may,  provided  you  hold  it  sufficiently  close 
to  the  fire ;  for  a  very  considerable  elevation  of 
temperature  is  required. 

CAROLINE. 

Oh  !  Mrs.  B.,  it  has  caught  fire ;  and  yet  I  did 
not  let  it  touch  the  coals,  but  I  held  it  so  close 
that  I  suppose  it  kindled  merely  from  the  intensity 
of  the  heat. 

MRS.  B. 

Or  you  might  say,  in  other  words,  that  the 
caloric  which  the  wood  imbibed  so  much  elevated 
its  temperature  as  to  enable  it  to  attract  oxygen 
very  rapidly  from  the  atmosphere. 

EMILY. 

Does  the  wood  absorb  oxygen  while  it  is 
burning  ? 

MRS.  B. 

Yes;  and,  in  consequence  of  the  oxygen  com¬ 
bining  with  the  wood,  the  heat  and  light,  which 
held  it  in  a  gaseous  state,  are  set  at  liberty. 

CAROLINE. 

You  astonish  me  !  The  heat  of  a  burning  body 
proceeds,  then,  as  much  from  the  atmosphere  as 
from  the  body  itself? 
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MRS.  B. 

The  caloric,  given  out  during  combustion,  pro¬ 
ceeds  entirely,  or  nearly  so,  from  the  decomposi¬ 
tion  of  the  oxygen  gas. 

EMILY. 

I  have  not  yet  met  with  any  thing  in  chemistry 
that  has  surprised  or  delighted  me  so  much  as 
this  explanation  of  combustion.  I  was  at  first  won¬ 
dering  what  connection  there  could  be  between  the 
affinity  of  a  body  for  oxygen  and  its  combustibility; 
but  I  think  I  understand  it  now  perfectly. 

MRS.  B. 

Combustion,  then,  you  see,  is  nothing  more 
than  the  rapid  combination  of  a  body  with  oxygen, 
attended  by  the  disengagement  of  light  and  heat. 

EMILY. 

But  are  there  no  combustible  bodies  whose 
attraction  for  oxygen  is  so  strong,  that  they  will 
combine  with  it,  without  the  application  of  heat  ? 

CAROLINE. 

That  cannot  be ;  otherwise  we  should  see  bodies 
burning  spontaneously. 

MRS.  B. 

There  are  some  instances  of  this  kind,  such  as 
phosphorus,  potassium,  and  some  compound  bo¬ 
dies,  with  which  I  shall  hereafter  make  you  ac- 
quainted.  These  bodies,  however,  are  prepared 
by  art,  for  the  combustions  that  could  occur 
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spontaneously,  at  the  temperature  of  the  atmo¬ 
sphere,  have  already  taken  place ;  therefore  new 
combustions  cannot  happen  without  the  temper¬ 
ature  of  the  body  being  first  raised.  Some  bodies, 
however,  burn  at  a  much  lower  temperature  than 
others. 

CAROLINE. 

But  the  common  way  of  burning  a  body  is  not 
merely  to  approach  it  to  one  already  on  fire,  but 
rather  to  put  the  one  in  actual  contact  with  the 
other,  as  when  I  burn  this  piece  of  paper  by 
holding  it  in  the  flame  of  the  fire. 

MRS.  B. 

The  closer  it  is  in  contact  with  the  source  of 
caloric,  the  sooner  will  its  temperature  be  raised 
to  the  degree  necessary  for  it  to  burn.  If  you  hold, 
it  near  the  fire,  the  same  effect  will  be  produced ; 
but  more  time  will  be  required,  as  you  found  to  be 
the  case  with  the  piece  of  stick. 

EMILY. 

But  why  is  it  not  necessary  to  continue  applying 
caloric  throughout  the  process  of  combustion,  in 
order  to  keep  up  the  elevation  of  temperature  of 
the  wood,  which  is  required  to  enable  it  to  combine 
with  the  oxygen  ? 

MRS.  B. 

The  caloric  being  gradually  disengaged  during 
combustion  keeps  up  the  temperature  of  the  burn¬ 
ing  body ;  so  that  when  once  combustion  has 
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begun,  no  further  application  of  caloric  is  re¬ 
quisite. 

CAROLINE. 

Since  I  have  learned  this  wonderful  theory  of 
combustion,  I  cannot  help  gazing  at  the  fire ;  and 
I  can  scarcely  conceive  that  the  heat  and  light, 
which  I  always  supposed  to  proceed  entirely  from 
the  coals,  are  really  produced  by  the  decomposition 
of  the  atmosphere. 

EMILY. 

When  you  blow  the  fire,  you  increase  the  com¬ 
bustion,  I  suppose,  by  supplying  the  coals  with  a 
greater  quantity  of  oxygen  gas  ? 

MRS.  B. 

Certainly ;  but  of  course  no  blowing  will  pro¬ 
duce  combustion,  unless  the  temperature  of  the 
coals  be  first  raised. 


CAROLINE. 

No,  certainly :  it  would  be  absurd  to  blow  coals 
which  had  not  previously  been  lighted. 

MRS.  B. 

A  single  spark,  however,  is  sometimes  sufficient 
to  produce  that  effect ;  for,  as  I  said  before,  when 
once  combustion  has  commenced,  the  caloric  dis¬ 
engaged  is  sufficient  to  elevate  the  temperature 
of  the  rest  of  the  body,  provided  that  there  be  a 
free  access  of  oxygen.  It  however  often  happens 
that  if  a  fire  be  ill  made,  it  will  be  extinguished 

o  3 
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before  all  the  fuel  is  consumed,  because  there  is 
not  a  sufficient  quantity  of  caloric  disengaged  to 
keep  up  the  temperature  of  the  fuel. 

You  must  recollect  that  there  are  three  thino;s 
required  in  order  to  produce  combustion ;  a  com¬ 
bustible  body,  oxygen,  and  a  temperature  at  which 
the  one  will  combine  with  the  other. 

EMILY. 

But  why  does  stirring  the  fire  make  it  burn,  for 
it  does  not  increase  the  quantity  of  oxygen  ? 

MRS.  B. 

No ;  but  it  breaks  the  masses  of  cinder  into 
which  the  coals  have  formed  during  combustion, 
and  thus  opens  passages  for  the  air,  so  that  more 
oxygen  comes  in  contact  with  the  parts  where 
combustion  is  going  on.  You  know,  that  if  the 
fire  in  the  grate  is  not  occasionally  stirred,  it  is 
always  extinguished  before  the  whole  of  the  coal 
is  consumed.  A  wood  fire  does  not  require  stir¬ 
ring,  because  wood,  in  burning,  does  not,  like  coal, 
collect  into  masses. 

EMILY. 

You  said  that  combustion  was  one  method  of 
decomposing  the  atmosphere,  and  obtaining  the 
nitrogen  gas  in  its  simple  state ;  but  how  do  you 
secure  this  gas,  and  prevent  it  from  mixing  with 
the  rest  of  the  atmosphere  ? 

MRS.  B. 

It  is  necessary  for  this  purpose  to  burn  the  body 
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within  a  close  vessel,  which  is  easily  done.  —  We 
shall  introduce  a  small  lighted  taper  (Plate  X. 
fig.  1.)  under  this  glass  receiver,  which  stands 
in  a  basin  over  water,  to  prevent  all  commu¬ 
nication  with  the  external  air. 

CAROLINE. 

How  dim  the  light  burns  already  !  —  It  is  now 
extinguished. 

MRS.  B. 

Can  you  tell  us  why  it  is  extinguished  ? 

CAROLINE. 

Let  me  consider.  —  The  receiver  was  full  of 
atmospherical  air;  the  taper,  in  burning  within  it, 
must  have  combined  with  the  oxygen  contained  in 
that  air,  and  the  caloric  that  was  disengaged  pro¬ 
duced  the  light  of  the  taper.  But  when  the  whole 
of  the  oxygen  was  absorbed,  no  more  caloric 
could  be  produced,  the  taper  ceased  to  burn,  and 
the  flame  was  extinguished. 

MRS.  B. 

Your  explanation  is  perfectly  correct. 

EMILY. 

The  two  constituents  of  the  oxygen  gas  being 
thus  disposed  of,  what  remains  under  the  receiver 
must  be  pure  nitrogen  gas. 

MRS.  B. 

There  are  some  circumstances  which  prevent 
the  nitrogen  gas,  thus  obtained,  from  being  pure ; 

o  4 
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but  we  may  easily  try  whether  the  oxygen  has 
disappeared,  by  putting  another  lighted  taper 
under  it. — You  see  how  instantaneously  the  taper 
is  extinguished  for  want  of  oxygen ;  and  were 
you  to  put  an  animal  under  the  receiver,  it  would 
immediately  be  suffocated.  But  that  is  an  experi¬ 
ment  which  I  do  not  think  your  curiosity  will 
tempt  you  to  try. 


EMILY. 

Certainly  not.  — But  look,  Mrs.  B.,  the  receiver 
is  full  of  a  thick  white  smoke.  Is  that  nitrogen 
gas  ? 

MRS.  B. 

No,  my  dear:  nitrogen  gas  is  perfectly  trans¬ 
parent  and  invisible,  like  common  air.  This  cloudi¬ 
ness  proceeds  from  a  variety  of  exhalations,  which 
arise  from  the  burning  taper,  the  nature  of  which 
you  cannot  at  present  understand. 

CAROLINE. 

But  see,  the  water  within  the  receiver  has  now 
risen  above  its  level  in  the  basin.  What  is  the 
reason  of  this  ? 

MRS.  B. 

With  a  moment’s  reflection,  I  dare  say,  you 
would  have  explained  it  yourself.  The  water  rises 
in  consequence  of  the  oxygen  gas  within  it  having 
been  destroyed,  or  rather  decomposed  by  the  com¬ 
bustion  of  the  taper. 
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CAROLINE. 

Then  why  did  not  the  water  rise  immediately 
when  the  oxygen  gas  was  destroyed  ? 

MRS.  B. 

Because  the  heat  of  the  taper,  whilst  burning, 
occasioned  a  dilatation  of  the  air  in  the  vessel, 
and  a  production  of  carbonic  acid,  which  at  first 
counteracted  this  effect. 

Another  means  of  decomposing  the  atmosphere 
is  by  the  oxygenation  of  certain  metals.  This 
process  is  very  analogous  to  combustion;  it  is, 
indeed,  only  a  more  general  term  to  express  the 
combination  of  a  body  with  oxygen. 

CAROLINE. 

In  what  respect,  then,  does  it  differ  from  com¬ 
bustion  ? 

MRS.  B. 

The  combination  of  oxygen  in  combustion  is 
always  accompanied  by  a  disengagement  of  light 
and  heat,  whilst  this  circumstance  is  not  a  neces¬ 
sary  consequence  of  simple  oxygenation. 

CAROLINE. 

But  how  can  a  body  absorb  oxygen  when  in  a 
gaseous  state,  without  light  and  heat  being  dis¬ 
engaged  ? 

o  o 

MRS.  B. 

Oxygen  does  not  always  present  itself  in  a 
gaseous  form ;  it  is,  you  must  recollect,  a  simple 
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body,  and  forms  a  constituent  part  of  a  vast  num¬ 
ber  of  bodies,  both  solid  and  liquid,  in  which  it 
exists  in  a  state  of  greater  density  than  in  the 
atmosphere ;  and  from  these  bodies  it  may  be  ob¬ 
tained  without  much  disengagement  of  caloric.  It 
may  likewise  in  some  cases  be  absorbed  from 
the  atmosphere  without  any  sensible  production 
of  light  and  heat :  for,  if  the  process  be  slow,  the 
caloric  will  be  disengaged  in  such  small  quantities, 
and  so  gradually,  that  no  sensible  quantity  of  light 
or  heat  will  be  produced.  In  this  case  the  com¬ 
bination  with  oxygen  is  called  oxygenation  or  oxid¬ 
ation,  instead  of  combustion. 

EMILY. 

I  wonder  that  metals  should  unite  with  oxy¬ 
gen,  for  the  attraction  o’f  aggregation  of  such 
dense  bodies  must  be  very  great;  and  I  should 
have  thought  that  oxygen  could  never  have  pene¬ 
trated  them. 

MRS.  B. 

Their  strong  attraction  for  oxygen  counter¬ 
balances  this  obstacle.  Most  metals,  however,  re¬ 
quire  to  be  made  red-hot  before  they  are  capable 
of  attracting  oxygen  in  any  considerable  quantity. 
By  this  combination  they  lose  most  of  their  me¬ 
tallic  properties,  and  fall  into  a  kind  of  powder, 
formerly  called  calx,  but  now  much  more  properly 
termed  an  oxide ;  thus  we  have  oxide  of  lead,  oxide 
of  iron,  &c. 
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CAROLINE. 

The  word  oxide,  then,  simply  means  a  metal 
combined  with  oxygen  ? 

MRS.  B. 

Yes;  but  the  term  is  not  confined  to  metals, 
though  chiefly  applied  to  them.  Any  body  what¬ 
ever,  that  has  combined  with  a  certain  quantity 
of  oxygen,  either  by  means  of  oxidation  or  com¬ 
bustion,  is  called  an  oxide ,  and  is  said  to  be 
oxidated  or  oxygenated.  This  black  powder  is  an 
oxide  of  manganese,  a  metal  which  has  so  strong 
an  affinity  for  oxygen,  that  it  attracts  that  sub¬ 
stance  from  the  atmosphere  at  any  known  tem¬ 
perature  ;  it  is,  therefore,  never  found  in  its  me¬ 
tallic  form,  but  always  in  that  of  an  oxide,  in 
which  state,  you  see,  it  has  very  little  of  the  ap¬ 
pearance  of  a  metal.  It  is  now  heavier  than  it 
was  before  oxidation,  in  consequence  of  the  ad¬ 
ditional  weight  of  the  oxygen  with  which  it  has 
combined. 

CAROLINE. 

I  am  very  glad  to  hear  that ;  for  I  confess  I 
could  not  help  having  some  doubts  whether  oxygen 
was  really  a  substance,  as  it  is  not  to  be  obtained 
in  a  simple  and  palpable  state ;  but  its  weight  is, 

I  think,  a  decisive  proof  of  its  being  a  real  body. 


MRS.  B. 

It  is  easy  to  estimate  its  weight,  by  separating 
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it  from  the  manganese,  and  finding  how  much 
the  latter  has  lost. 

EMILY. 

But  if  you  can  take  the  oxygen  from  the  metal, 
shall  we  not  then  have  it  in  its  palpable  simple 
state  ? 

MRS.  B. 

No ;  for  I  can  only  separate  the  oxygen  from  the 
manganese,  by  presenting  to  it  some  other  body, 
for  which  it  has  a  greater  affinity  than  for  the  man¬ 
ganese.  Caloric  has  this  superior  attraction  for 
oxygen,  and  by  uniting  with  it  restores  it  to  the 
aeriform  state.  I  have  put  some  oxide  of  man¬ 
ganese  into  a  retort,  which  is  an  earthen  vessel 
with  a  bent  neck,  such  as  you  see  here.  (Plate  X. 
fig.  2.)  —  The  retort  containing  the  manganese 
you  cannot  see,  as  I  have  enclosed  it  in  this  fur¬ 
nace,  where  it  is  now  red-hot.  But,  in  order  to 
make  you  sensible  of  the  escape  of  the  gas,  I  have 
connected  the  neck  of  the  retort  with  this  bent 
tube,  the  extremity  of  which  is  immersed  in  this 
vessel  of  water.  (Plate  X.  fig.  3.)  —  Do  you  see 
the  bubbles  of  air  rise  through  the  water  ? 

CAROLINE. 

Perfectly.  This,  then,  is  pure  oxygen  gas ; 
what  a  pity  it  should  be  lost !  Could  you  not 
preserve  it  ? 

MRS.  B. 

We  shall  collect  it  in  this  receiver.  —  For  this 
purpose,  you  observe,  I  first  fill  the  receiver  with 
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water,  in  order  to  exclude  the  atmospherical  air ; 
and  then  place  it  over  the  bubbles  which  issue 
from  the  retort,  so  as  to  make  them  rise  through 
the  water  to  the  upper  part  of  the  receiver. 

EMILY. 

The  bubbles  of  oxygen  gas  rise,  I  suppose,  from 
their  specific  levity  ? 

MRS.  B. 

Yes ;  for  though  oxygen  forms  rather  a  heavy 
gas,  it  is  light  compared  to  water.  You  see  how 
it  gradually  displaces  the  water  from  the  receiver. 
It  is  now  full  of  gas,  and  I  may  leave  it  inverted 
in  water  on  this  shelf,  where  I  can  keep  the  gas  as 
long  as  I  choose,  for  future  experiments.  .  This 
apparatus  (which  is  indispensable  in  all  experi¬ 
ments  in  which  gases  are  concerned)  is  called  a 
water-bath. 

CAROLINE. 

It  is  a  very  clever  contrivance,  indeed ;  equally 
simple  and  useful.  How  convenient  the  shelf  is 
for  the  receiver  to  rest  upon  under  water,  and  the 
holes  in  it  for  the  gas  to  pass  into  the  receiver !  I 
long  to  make  some  experiments  with  this  appa¬ 
ratus. 

MRS.  B. 

I  shall  try  your  skill  that  way  when  you  have 
a  little  more  experience.  I  am  now  going  to  show 
you  an  experiment  which  proves,  in  a  very  strik¬ 
ing  manner,  how  essential  oxygen  is  to  combus- 
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tion.  You  will  see  that  iron  itself  will  burn  in 
this  gas,  in  the  most  rapid  and  brilliant  manner. 

CAROLINE. 

I  have  often  seen  it  red-hot  at  the  blacksmith’s 
forge,  but  I  did  not  know  that  it  was  possible  to 
burn  it. 

MRS.  B. 

Iron,  like  all  other  metals,  will  combine  with 
oxygen,  but  it  will  not  burn  in  atmospherical  air 
without  a  very  great  elevation  of  temperature ;  it 
is,  however,  eminently  combustible  in  pure  oxy¬ 
gen  gas ;  and  what  will  surprise  you  still  more,  it 
can  be  set  on  fire  without  any  considerable  rise  of 
temperature.  You  see  this  spiral  iron  wire.  — 
I  fasten  it  at  one  end  to  this  cork,  which  is  made 
to  fit  an  opening  at  the  top  of  the  glass  receiver. 
(Plate  X.  fig.  4.) 

EMILY. 

I  see  the  opening  in  the  receiver :  but  it  is  care¬ 
fully  closed  by  a  ground-glass  stopper. 

MRS.  B. 

That  is  in  order  to  prevent  the  gas  from  escap¬ 
ing  ;  but  I  shall  take  out  the  stopper,  and  put  in 
the  cork,  to  which  the  wire  hangs.  Now  I  am 
going  to  burn  this  wire  in  the  oxygen  gas,  and  this 
small  piece  of  lighted  tinder  fixed  to  its  extremity 
is  sufficient  to  give  the  first  impulse  to  combus¬ 
tion.  I  shall  now  introduce  the  wire  into  the 
receiver,  by  quickly  changing  the  stoppers. 
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CAROLINE. 

Is  there  no  danger  of  the  gas  escaping  while 
you  change  them  ? 

MRS.  B. 

Oxygen  gas  is  a  little  heavier  than  atmospherical 
air,  therefore  it  will  not  mix  with  it  very  rapidly ; 
and,  if  I  do  not  leave  the  opening  uncovered,  we 
shall  not  lose  any - 

CAROLINE. 

Oh,  what  a  brilliant  and  beautiful  flame ! 

EMILY. 

It  is  as  white  and  dazzling  as  the  sun !  —  Now 
a  piece  of  the  melted  wire  drops  to  the  bottom :  I 
fear  it  is  extinguished;  but  no,  it  burns  again, 
as  bright  as  ever. 

MRS.  B. 

It  will  burn  till  the  wire  is  entirely  consumed, 
provided  the  oxygen  be  not  first  expended;  for 
you  know  it  can  burn  only  while  there  is  oxygen 
to  combine  with  it. 

CAROLINE. 

I  never  saw  a  more  beautiful  light.  My  eyes 
can  hardly  bear  it !  How  astonishing  to  think 
that  all  this  caloric  was  contained  in  the  small 
quantity  of  gas  enclosed  in  the  receiver ! 

EMILY. 

How  wonderfully  quick  combustion  goes  on  in 
pure  oxygen  gas !  But,  pray,  is  no  part  of  the 
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wire  consumed  ?  and  are  these  drops  of  burnt 
iron  as  heavy  as  the  wire  was  before  ? 

MRS.  B. 

They  are  even  heavier ;  for  the  iron,  in  burn¬ 
ing,  instead  of  sustaining  any  loss,  has  acquired 
the  weight  of  the  oxygen  which  has  disappeared, 
and  is  now  combined  with  it.  It  has  become  an 
oxide  of  iron. 

CAROLINE. 

I  do  not  know  what  you  mean  by  saying  that 
the  oxygen  has  disappeared,  Mrs.  B.,  for  it  was 
always  invisible. 

MRS.  B. 

True,  my  dear;  the  expression  was  incorrect. 
But  though  you  could  not  see  the  oxygen  gas,  I 
believe  you  had  no  doubt  of  its  presence,  as  the 
effect  it  produced  on  the  wire  was  sufficiently 
evident. 

CAROLINE. 

Yes,  indeed ;  yet  you  know  it  was  the  caloric, 
and  not  the  oxygen  gas  itself,  that  dazzled  us  so 
much. 

MRS.  B. 

You  are  not  quite  correct  in  your  turn,  in 
saying  the  caloric  dazzled  you ;  for  caloric  is  in¬ 
visible  ;  it  affects  only  the  sense  of  feeling :  it 
was  the  light  which  dazzled  you. 

CAROLINE. 

True ;  but  light  and  caloric  are  such  constant 
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companions,  that  it  is  difficult  to  separate  them 
even  in  idea. 

MRS.  B. 

The  easier  it  is  to  confound  them,  the  more 
careful  you  should  be  to  preserve  the  distinction. 

CAROLINE. 

But  why  has  the  water  now  risen,  and  filled 
part  of  the  receiver? 

MRS.  B. 

Indeed,  Caroline,  I  did  not  suppose  you  would 
have  asked  such  a  question  !  Let  me  hear,  Emily, 
whether  you  can  answer  it. 

EMILY. 

I  must  reflect . The  oxygen  has 

combined  with  the  wire ;  the  caloric  has  escaped ; 
consequently  nothing  can  remain  in  the  receiver, 
and  the  water  will  rise  to  fill  the  vacuum. 

CAROLINE. 

I  wonder  that  did  not  occur  to  me.  I  wish 
that  we  had  weighed  the  wire  and  the  oxygen 
gas  before  combustion  ;  we  might  then  have  found 
whether  the  weight  of  the  oxide  was  equal  to  that 
of  both. 

MRS.  B. 

You  may  try  the  experiment  if  you  particu¬ 
larly  wish  it;  but  I  can  assure  you,  that,  if 
accurately  performed,  it  never  fails  to  show  that 
the  additional  weight  of  the  oxide  is  precisely 
equal  to  that  of  the  oxygen  absorbed,  whether  the 
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process  has  been  an  actual  combustion,  or  a  simple 
oxygenation. 

CAEOLINE. 

But  this  cannot  be  the  case  with  combustion  in 
general ;  for  when  any  substance  is  burnt  in 
common  air,  so  far  from  increasing  in  weight,  it 
iseviclently  diminished,  and  sometimes  entirely 
consumed. 

MRS.  B. 

What  do  you  mean  by  the  expression  consumed? 

CAROLINE. 

Why  I  scarcely  know :  —  destroyed,  I  believe. 

MRS.  B. 

You  cannot  suppose  that  the  smallest  particle  ' 
of  any  substance  in  nature  can  be  actually  de¬ 
stroyed  ;  if  so,  the  world  would  be  daily  diminish¬ 
ing  from  the  number  of  things  burnt,  and  would 
itself  be  fast  approaching  to  destruction.  No; 
man  can  do  a  great  deal  in  uniting  or  separating 
the  component  parts  of  bodies,  but  he  is  equally 
incapable,  either  of  creating  or  destroying  a 
single  particle. 

CAROLINE. 

Then  what  becomes  of  bodies  which  are  burnt  ? 

MRS.  B. 

A  simple  body  unites  with  the  oxygen  and 
becomes  an  oxide ;  a  compound  body  is  decom¬ 
posed  by  combustion ;  some  of  its  constituent 
parts  fly  off  in  a  gaseous  form,  while  others  re- 
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main  in  a  concrete  state ;  the  former  are  called 
the  volatile ,  the  latter  t\iQ  Jixed,  products  of  com¬ 
bustion.  But  if  we  collect  the. whole  of  them, 
we  shall  always  find  that  they  exceed  the  weight 
of  the  combustible  body,  by  that  of  the  oxygen 

y  hich  has  combined  with  them  during  com¬ 
bustion. 

EMILY. 

In  the  combustion  of  a  coal  fire,  then,  I  suppose 
that  the  ashes  are  what  would  be  called  the  fixed 
product,  and  the  smoke  the  volatile  product  ? 

CAROLINE. 

1  et,  when  the  fire  burns  best,  and  the  quantity 
of  volatile  products  should  be  the  greatest,  there 
is  no  smoke.  How  can  you  account  for  that  ? 

EMILY. 

Indeed  I  cannot ;  therefore  I  suppose  that  I  was 
not  right  in  my  conjecture. 

MRS.  B. 

2*Tot  quite ;  ashes,  as  you  supposed,  are  a  fixed 
pioduct  Oi  combustion  j  but  smoke,  properly  speak - 
mg,  is  not  one  ot  the  volatile  products,  as  it  con¬ 
sists  of  minute  undecomposed  particles  of  the  coals 
which  are  carried  off  by  the  heated  air  without 
being  burnt,  and  are  either  deposited  in  the  form 
of  soot,  or  dispersed  by  the  wind.  Smoke,  there¬ 
fore,  cannot  be  considered  as  a  product  of  com¬ 
bustion,  as  it  consists  of  particles  which  have  not 
undeigone  that  process.  .And  you  may  easily  con- 
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ceive  that  the  stronger  the  fire  is,  the  less  smoke 
will  be  produced,  because  the  fewer  particles 
escape  combustion.  On  this  principle  depends  the 
invention  of  Argand’s  Patent  Lamps :  a  current  ol 
air  is  made  to  pass  through  the  cylindrical  wick 
of  the  lamp,  by  which  means  it  is  so  plentifully 
supplied  with  oxygen  that  scarcely  a  particle  of 
oil  escapes  combustion,  nor  is  there  any  smoke 
produced. 

EMILY. 

But  what,  then,  are  the  volatile  products  of 
combustion  ? 

MRS.  B. 

Various  new  compounds,  with  which  you  are 
not  yet  acquainted,  and  which,  being  converted  by 
caloric  into  vapour  or  gas,  are  invisible  ;  but  they 
can  be  collected,  and  we  shall  examine  them  at 
some  future  period. 

CAROLINE. 

Are  there  many  other  gases,  besides  the  oxygen 
and  nitrogen  gases  ? 

MRS.  B. 

Yes ;  a  great  number,  as  I  have  already  told 
you ;  any  substance  which  can  assume  and  maintain 
the  form  of  an  elastic  fluid  at  the  temperature  of 
the  atmosphere  is  called  a  gas.  We  shall  examine 
the  several  gases  in  their  respective  places;  but 
we  must  now  confine  our  attention  to  those  which 
compose  the  atmosphere. 
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I  shall  show  you  another  method  of  decom¬ 
posing  the  atmosphere,  which  is  very  simple.  In 
breathing  we  retain  a  portion  of  the  oxygen,  and 
expire  the  nitrogen  gas ;  so  that  if  we  breathe  in 
a  closed  vessel  for  a  certain  length  of  time,  the 
air  within  it  will  be  deprived  of  its  oxygen  gas. 
Which  of  you  will  make  the  experiment  ? 

CAROLINE. 

Oh,  pray  let  me  try. 

MRS.  B. 

Breathe  several  times  through  this  glass  tube 
into  the  receiver  with  which  it  is  connected,  until 
you  feel  that  your  breath  is  exhausted. 

CAROLINE 

I  am  quite  out  of  breath  already ! 

MRS.  B. 

Now  let  us  try  the  gas  with  a  lighted  taper. 

EMILY. 

It  is  very  pure  nitrogen  gas,  for  the  taper  is 
immediately  extinguished. 

MRS.  B. 

That  is  a  proof  only  of  the  absence  of  oxygen, 
the  principle  of  combustion ;  for  the  nitrogen  gas 
is  far  from  being  pure. 

EMILY. 

In  the  methods  which  you  have  shown  us,  for 
decomposing  the  atmosphere,  the  oxygen  always 
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abandons  the  nitrogen ;  but  is  there  no  way  of 
taking  the  nitrogen  from  the  oxygen  so  as  to 
obtain  the  latter  pure  from  the  atmosphere? 


MRS.  B. 

You  must  observe,  that  whenever  oxygen  is 
taken  from  the  atmosphere,  it  is  by  decomposing 
the  oxygen  gas ;  we  cannot  do  the  same  with  the 
nitrogen  gas,  because  nitrogen  has  a  stronger 
affinity  for  caloric  than  for  any  other  known  prin¬ 
ciple  :  it  appears  impossible,  therefore,  to  separate 
it  from  the  atmosphere  by  the  power  of  affinities. 
But  if  we  cannot  obtain  the  oxygen  gas,  by  this 
means,  in  its  separate  state,  we  have  no  difficulty 
(as  you  have  seen)  to  procure  it  in  its  gaseous 
form,  by  taking  it  from  those  substances  which 
have  absorbed  it  from  the  atmosphere,  as  we  did 
with  the  oxide  of  manganese. 


EMILY. 

Can  atmospherical  air  be  recomposed,  by  mixing 
due  proportions  of  oxygen  and  nitrogen  gases  ? 


MRS.  B. 

Yes  ;  if  about  one  part  of  oxygen  gas  be  mixed 
with  about  four  parts  of  nitrogen  gas,  atmospheri¬ 
cal  air  will  be  produced. 

EMILY. 

The  air,  then,  must  be  an  oxide  of  nitrogen  ? 

MRS.  B. 

No,  my  dear ;  for  it  requires  a  chemical  com- 
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bination  between  oxygen  and  nitrogen  in  order  to 
produce  an  oxide,  whilst  in  the  atmosphere  these 
two  substances  are  separately  combined  with  calo¬ 
ric,  forming  two  distinct  gases,  which  are  simply 
mixed  in  the  formation  of  the  atmosphere. 

I  shall  say  nothing  more  of  oxygen  and  nitrogen 
at  present,  as  we  shall  continually  have  occasion 
to  refer  to  them  in  our  future  conversations.  They 
are  both  very  abundant  in  nature  ;  nitrogen  is  the 
most  plentiful  in  the  atmosphere,  and  exists  also  in 
all  animal  substances ;  oxygen  forms  a  constituent 
part,  both  of  the  animal  and  vegetable  kingdoms, 
from  which  it  may  be  obtained  by  a  variety  of 
chemical  means.  But  it  is  now  time  to  conclude 
our  lesson.  I  am  afraid  you  have  learnt  more, 
to-day  than  you  will  be  able  to  remember. 

CAROLINE. 

I  assure  you  that  I  have  been  too  much  in¬ 
terested  in  it  ever  to  forget  it.  In  regard  to  ni¬ 
trogen  there  seems  to  be  but  little  to  remember : 
it  makes  a  very  insignificant  figure  in  comparison 
to  oxygen,  although  it  composes  a  much  larger 
portion  of  the  atmosphere. 

MRS.  B. 

Perhaps  this  insignificance  you  complain  of  may 
arise  from  the  compound  nature  of  nitrogen ;  for 
though  I  have  hitherto  considered  it  as  a  simple 
body,  because  it  is  not  known  in  any  natural  pro¬ 
cess  to  be  decomposed,  yet,  from  the  experiments 
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of  Sir  H.  Davy,  there  is  great  reason  to  suspect 
that  nitrogen  is  a  compound  body,  as  we  shall  see 
hereafter.  But  even  in  its  simple  state,  it  will 
not  appear  so  insignificant  when  you  are  better 
acquainted  with  it ;  for  though  it  seems  to  per¬ 
form  but  a  passive  part  in  the  atmosphere,  and 
has  no  very  striking  properties,  when  considered  in 
its  separate  state,  yet  you  will  find  hereafter,  that 
it  becomes  a  very  important  agent  when  combined 
with  other  bodies.  It  is  placed,  you  see,  in  the 
2d  division  of  the  3d  class,  at  the  head  of  the 
bodies  forming  acids  by  their  combination  with 
oxygen ;  we  have,  therefore,  been  irregular  in 
anticipating  its  introduction,  but  we  shall  return 
Jto  it  under  the  head  of  acids. 


217 


CONVERSATION  VIII. 

ON  HYDROGEN. 


MRS.  B. 

We  must  now  return  to  the  2d  class,  the  agents 
of  combustion,  in  which  we  have  treated  only  of 
oxygen :  Chlorine,  Iodine,  Brome,  and  Fluo¬ 
rine  remain  to  be  noticed. 

CAROLINE. 

Pray  what  kind  of  substances  are  these  ?  are 
they,  also,  invisible  ? 

MRS.  B. 

No ;  for  chlorine,  in  the  state  of  gas,  has  a  dis¬ 
tinct  greenish  colour,  and  is  therefore  visible  ;  and 
iodine  has  a  beautiful  claret-red  colour.  These 
bodies,  I  have  already  informed  you,  are  like 
oxygen,  capable  of  effecting  combustion ;  or,  in 
other  words,  of  burning  bodies  that  are  combus¬ 
tible  ;  but  the  explanation  of  their  properties  im¬ 
plies  various  considerations  which  you  would  not 
yet  be  able  to  understand;  we  shall,  therefore,  de¬ 
fer  their  examination  to  some  future  conversation, 
and  we  shall  pass  on  to  the  3d  class. 

Hydrogen,  the  only  body  comprehended  in 
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this  class,  cannot,  any  more  than  oxygen,  be  ob¬ 
tained  in  a  visible  or  palpable  form.  We  are  ac¬ 
quainted  with  it  only  in  its  gaseous  state,  as  we 
are  with  oxygen  and  nitrogen. 

CAROLINE. 

But  in  its  gaseous  state  it  cannot  be  called  a 
simple  substance,  since  it  is  combined  with  heat  ? 

MRS.  B. 

True,  my  dear :  but  as  we  do  not  know  in  na¬ 
ture  of  any  substance  which  is  not  more  or  less 
combined  with  caloric,  it  is  usually  said  that  a 
substance  is  in  its  simple  or  elementary  state  when 
united  with  that  agent  only. 

Hydrogen  was  formerly  called  inflammable  air, 
as  it  is  extremely  combustible,  and  burns  with  a 
great  flame.  Since  the  invention  of  the  new  no¬ 
menclature,  it  has  obtained  the  name  of  hydrogen, 
which  is  derived  from  two  Greek  words,  the  mean¬ 
ing  of  which  is,  to  produce  water. 

EMILY. 

How  does  hydrogen  produce  water  ? 

MRS.  B. 

By  its  combustion.  Water  is  composed  of  oxy¬ 
gen  and  hydrogen.  If  you  estimate  their  pro¬ 
portions  by  weight,  oxygen  preponderates  consi¬ 
derably,  as  there  are  89  parts  of  oxygen,  com¬ 
bined  with  1 1  parts  of  hydrogen ;  but  if  you 
estimate  their  proportions  by  bulk,  it  is  hydrogen 
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which  takes  the  lead,  as  there  are  two  parts  of  hy¬ 
drogen  gas  to  one  part  of  oxygen  gas. 

CAROLINE. 

Really  !  Is  it  possible  that  water  should  be  a 
combination  of  two  gases,  and  that  one  of  these 
should  be  inflammable  air  ?  Hydrogen  must  be  a 
most  extraordinary  gas  to  produce  both  fire  and 
water ! 

EMILY. 

But  I  thought  you  said  that  combustion  could 
take  place  in  no  gas  but  oxygen  ? 

MRS.  B. 

Try  to  recollect  in  what  the  process  of  combus¬ 
tion  consists  ? 

EMILY". 

In  the  combination  of  a  body  with  oxygen,  with 
disengagement  of  light  and  heat. 

MRS.  B. 

Therefore,  when  I  say  that  hydrogen  is  com¬ 
bustible,  I  mean  that  it  has  an  affinity  for  oxygen  ; 
but,  like  all  other  combustible  substances,  it  can¬ 
not  burn  unless  supplied  with  oxygen,  and  also 
heated  to  a  proper  temperature. 

CAROLINE. 

The  simply  mixing  two  measures  of  oxygen  gas 
with  one  of  hydrogen,  will  not,  therefore,  produce 
water  ? 

MRS.  B. 

Xo ;  water  being  a  much  denser  fluid  than  gases. 
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in  order  to  reduce  these  gases  to  a  liquid,  it  is 
necessary  to  diminish  the  quantity  of  caloric  or 
electricity  which  maintains  them  in  an  elastic 
form. 

EMILY. 

That,  I  should  think,  might  be  done  by  com¬ 
bining  the  oxygen  and  hydrogen  together ;  for 
then  they  would  give  out  their  caloric,  and  be 
condensed. 

CAROLINE. 

But  you  forget,  Emily,  that  in  order  to  make 
the  oxygen  and  hydrogen  combine,  you  must  begin 
by  elevating  their  temperature,  which  increases, 
instead  of  diminishing,  their  caloric. 

MRS.  B. 

Emily  is,  however,  right ;  for  though  it  is  neces¬ 
sary  to  begin  by  raising  their  temperature,  in 
order  to  make  them  combine,  that  combination, 
affording  them  the  means  of  parting  with  their 
caloric,  is  eventually  the  cause  of  its  diminution. 

CAROLINE. 

You  love  to  deal  in  paradoxes,  to-day,  Mrs.  B. 
—  Fire,  then,  produces  water? 

MRS.  B. 

The  combustion  of  hydrogen  gas  certainly  does ; 
but  you  do  not  seem  to  have  remembered  the 
theory  of  combustion  so  well  as  you  thought  you 
would.  Can  you  tell  me  what  happens  in  the 
combustion  of  hydrogen  gas  ? 
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CAROLINE. 

The  hydrogen  combines  with  the  oxygen,  and 
caloric  is  disengaged. — Yes,  I  think  I  understand 
it  now — by  the  loss  of  this  caloric,  the  gases  are 
condensed  into  a  liquid. 

EMILY. 

Water,  then,  I  suppose,  when  it  evaporates  and 
incorporates  with  the  atmosphere,  is  decomposed 
and  converted  into  hydrogen  and  oxygen  gases  ? 

MRS.  B. 

No,  my  dear — there  you  are  quite  mistaken;  the 
decomposition  of  water  is  totally  different  from  its 
evaporation  ;  for  in  the  latter  case  (as  you  should 
recollect)  water  is  only  in  a  state  of  very  minute  di¬ 
vision  ;  and  is  merely  suspended  in  the  atmosphere, 
without  any  chemical  combination,  and  without  any 
separation  of  its  constituent  parts.  As  long  as  these 
remain  combined,  they  form  water,  whether  in  a 
state  of  liquidity,  or  in  that  of  an  elastic  fluid,  as 
vapour,  or  under  the  solid  form  of  ice. 

In  our  experiments  on  latent  heat,  you  may 
recollect  that  we  caused  water  successively  to  pass 
through  these  three  forms,  merely  by  an  increase 
or  diminution  of  caloric,  without  employing  any 
power  of  attraction,  or  effecting  any  decomposition. 

CAROLINE. 

But  are  there  no  means  of  decomposing  water  ? 

MRS.  B. 

1  es,  several ;  charcoal,  and  metals,  when  heated 
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recl-hot5  will  attract  the  oxygen  from  water,  in  the 
same  manner  as  they  will  from  the  atmosphere. 

CAROLINE. 

Hydrogen,  I  see,  is  like  nitrogen,  a  poor  de¬ 
pendent  friend  of  oxygen,  and  is  continually  for¬ 
saken  for  greater  favourites. 

MRS.  B. 

The  connection,  or  friendship,  as  you  choose  to 
call  it,  is  much  more  intimate  between  oxygen  and 
hydrogen  in  the  state  of  water,  than  between  oxy¬ 
gen  and  nitrogen  in  the  atmosphere ;  for,  in  the 
first  case,  there  is  a  chemical  union  and  condens¬ 
ation  of  the  two  substances;  in  the  latter,  they 
are  simply  mixed  together  in  their  gaseous  state. 
You  will  find,  however,  that,  in  some  cases,  the 
connection  between  oxygen  and  nitrogen  is  quite 
as  intimate  as  that  between  oxygen  and  hydrogen. 

—  But  this  is  foreign  to  our  present  subject. 

EMILY. 

Water,  then,  is  an  oxide,  though  the  atmo-  4 
spherical  air  is  not  ? 

MRS.  B. 

It  is  not  commonly  called  an  oxide,  though, 
according  to  our  definition,  it  may,  no  doubt,  be 
referred  to  that  class  of  bodies. 

CAROLINE. 

I  should  like  extremely  to  see  water  decom¬ 
posed. 
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MRS.  B. 

I  can  gratify  your  curiosity  by  a  much  more 
easy  process  than  the  oxidation  of  charcoal  or 
metals :  the  decomposition  of  water  by  these  latter 
means  takes  up  a  great  deal  of  time,  and  is  at¬ 
tended  with  much  trouble;  for  it  is  necessary  that 
the  charcoal  or  metal  should  be  made  red-hot  in  a 
furnace,  that  the  water  should  pass  over  them  in  a 
state  of  vapour,  that  the  gas  formed  should  be  col¬ 
lected  over  the  water-batli,  &c.  In  short,  it  is  a 

*  •  *  -  ^  -  ♦  >.  _ 

very  complicated  operation.  But  the  same  effect 

may  be  produced,  with  the  greatest  facility,  by  the 
action  of  the  Voltaic  battery,  which  this  will  give 
me  an  opportunity  of  showing  you. 

CAROLINE. 

I  am  very  glad  of  that ;  for  I  longed  to  see  the 
power  of  this  apparatus  in  decomposing  bodies. 

MRS.  B. 

For  this  purpose  I  fill  this  piece  of  glass  tube 
(Plate  XI.  fig.  1.)  with  water,  and  cork  it  up  at 
both  ends :  through  one  of  the  corks  I  introduce 
that  wire  of  the  battery  which  conveys  the  positive 
electricity ;  and  that  which  conveys  the  nega¬ 
tive  electricity  is  made  to  pass  through  the  other 
cork,  so  that  the  two  wires  approach  each  other 
sufficiently  near  to  give  out  their  respective  elec¬ 
tricities. 

CAROLINE. 

It  does  not  appear  to  me  that  you  approach  the 
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wires  so  near  as  you  did  when  you  made  the  bat¬ 
tery  act  by  itself. 

MRS.  B. 

Water  being  a  better  conductor  of  electricity 
than  air,  the  two  wires  will  act  on  each  other 
at  a  greater  distance  in  the  former  than  in  the 
latter  case. 

EMILY. 

Now  the  electrical  effect  appears :  I  see  small 
bubbles  of  air  emitted  from  each  wire. 


MRS.  B. 

Each  wire  decomposes  the  water ;  the  positive 
by  attracting  its  oxygen,  the  negative  by  attracting 
its  hydrogen. 

CAROLINE. 

That  is  wonderfully  curious !  But  what  are 
the  small  bubbles  of  air  ? 

MRS.  B. 

The  two  component  parts  of  water,  which,  being 
separated  from  each  other,  and  set  at  liberty,  ap¬ 
pear  in  the  form  of  small  bubbles  of  gas  or  air ; 
the  oxygen  at  the  positive  wire,  and  the  hydrogen 
at  the  negative  wire.  Observe  that  the  wires  are 
made  of  platina,  a  metal  whose  attraction  for 
oxygen  is  less  than  that  of  hydrogen ;  for  were  it 
not  so,  the  wire  would  combine  with  the  oxygen, 
and  the  hydrogen  alone  would  be  disengaged. 
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CAROLINE. 

But  could  not  water  be  decomposed  without  the 
electric  circle  being  completed  ?  If,  for  instance, 
you  immersed  only  the  positive  wire  in  the  water, 
would  it  not  combine  with  the  oxygen,  and  the 
hydrogen  gas  be  given  out  ? 

MRS.  B. 

Xo ;  for,  as  you  may  recollect,  the  battery  can¬ 
not  act  unless  the  circle  be  completed.  * 

CAROLINE. 

I  understand  it  now.  —  But  look,  Mrs.  B.,  the 
decomposition  of  the  water,  which  has  been  going 
on  for  some  time,  does  not  sensibly  diminish  its 
quantity  —  what  is  the  reason  of  that? 

MRS.  B. 

Because  the  quantity  decomposed  is  so  extremely 
small.  If  you  compare  the  density  of  water  with 
that  of  the  gases  into  which  it  is  resolved,  you  must 
be  aware  that  a  single  drop  of  water  is  sufficient  to 
produce  thousands  of  such  small  bubbles  as  those 
you  now  perceive. 

CAROLINE. 

But  in  this  experiment  we  obtain  the  oxygen 
and  hydrogen  gases  mixed  together.  Is  there  any 
means  of  procuring  them  separately  ? 

MRS.  B. 

They  can  be  collected  separately  with  great  ease, 
by  modifying  a  little  the  experiment.  Thus,  if 

instead  of  one  tube  we  employ  two,  as  you  'see 

YOL.  I.  o 
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here,  (c,  d,  Plate  XI.  fig.  2.)  both  tubes  being 
closed  at  one  end,  and  open  at  the  other ;  and  if, 
after  filling  these  tubes  with  water,  we  place  them 
in  a  glass  of  water  (e),  with  their  open  end  down¬ 
wards,  you  will  see  that  the  moment  we  connect 
the  wires  (a,  b,)  which  proceed  upwards  from  the 
interior  of  each  tube,  the  one  with  one  end  of  the 
battery,  and  the  other  with  the  other  end,  the  water 
in  the  “tubes  will  be  decomposed ;  oxygen  will  be 
given  out  round  the  wire  in  the  tube  connected 
with  the  positive  end  of  the  battery,  and  hydro¬ 
gen  in  the  other ;  and  these  gases  will  be  evolved 
exactly  in  the  proportions  which  I  have  before 
mentioned,  namely,  two  measures  of  hydrogen  for 
one  of  oxygen.  We  shall  now  begin  the  experi¬ 
ment,  but  it  will  be  some  time  before  any  sensible 
quantity  of  the  gases  can  be  collected. 

EMILY. 

The  decomposition  of  water  in  this  way,  slow 
as  it  is,  is  certainly  very  wonderful ;  but  I  confess 
that  I  should  be  still  more  gratified,  if  you  could 
show  it  us  on  a  larger  scale,  and  by  a  quicker  pro¬ 
cess.  I  am  sorry  that  the  decomposition  of  water 
by  charcoal  or  metals  is  attended  with  so  much 
inconvenience. 

MRS.  B. 

Water  may  be  decomposed  by  means  of  metals 
without  any  difficulty ;  but  for  this  purpose  the 
intervention  of  an  acid  is  required.  Thus,  if  we  add 
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some  sulphuric  acid  (a  substance  with  the  nature 
of  which  you  are  not  yet  acquainted)  to  the  water 
which  the  metal  is  to  decompose,  the  acid  enables 
the  metal  to  combine  with  the  oxygen  of  the  water 
so  readily  and  abundantly,  that  no  heat  is  required 
to  hasten  the  process.  Of  this  I  am  going  to  show 
you  an  instance.  I  put  into  this  bottle  the  water 
that  is  to  be  decomposed,  the  metal  which  is  to 
effect  that  decomposition  by  combining  with  the 
oxygen,  and  the  acid  which  is  to  facilitate  the 
combination  of  the  metal  and  the  oxygen.  You 

will  see  with  what  violence  these  will  act  on  each 
other. 

CAROLINE. 

But  what  metal  is  it  that  you  emjiloy  for  this 
purpose  ? 

MRS.  B. 

It  is  iron ;  and  it  is  used  in  the  state  of  filings, 
as  these  present  a  greater  surface  to  the  acid  than 
a  solid  piece  of  metal.  For  as  it  is  the  surface  of 
the  metal  alone  which  is  acted  upon  by  the  acid, 
and  disposed  to  receive  the  oxygen  produced  by 
the  decomposition  of  the  water,  it  necessarily  fol¬ 
lows  that  the  greater  the  surface  the  more  con¬ 
siderable  is  the  effect.  The  bubbles  which  are 
now  rising  are  hydrogen  gas - 

CAROLINE. 

How  disagreeably  it  smells ! 

MRS.  B. 

It  is  indeed  unpleasant,  though,  I  believe, 
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not  particularly  hurtful.  We  shall  not,  however, 
suffer  any  more  to  escape,  as  it  will  be  wanted 
for  experiments.  I  shall,  therefore,  collect  it  in  a 
glass  receiver,  by  making  it  pass  through  this  bent 
tube,  which  will  conduct  it  into  the  water-bath. 
(Plate  XI.  fig.  3.) 

EMILY. 

How  very  rapidly  the  gas  escapes !  it  is  perfectly 
transparent,  and  without  any  colour  whatever.  — 
Xow  the  receiver  is  full - - 

MRS.  B. 

We  shall,  therefore,  remove  it,  and  substitute 
another  in  its  place.  But  you  must  observe,  that 
when  the  receiver  is  full,  it  is  necessary  to  keep  it 
inverted  with  the  mouth  under  water,  otherwise 
the  gas  would  escape.  And  in  order  that  it  may 
not  be  in  the  way,  I  introduce  within  the  bath, 
under  the  water,  a  saucer,  into  which  I  slide  the 
receiver,  so  that  it  can  be  taken  out  of  the  bath 
and  conveyed  any  where :  the  water  in  the  saucer 
being  equally  effectual  in  preventing  its  escape  as 
that  in  the  bath.  (Plate  XI.  fig.  4.) 

EMILY. 

I  am  quite  surprised  to  see  so  large  a  quantity 
of  hydrogen  gas  produced  by  so  small  a  quantity 
of  water,  especially  as  oxygen  is  the  principal  con¬ 
stituent  of  water. 

MRS.  B. 

In  weight  it  is ;  but  not  in  volume.  For  though 
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the  proportion,  by  weight,  is  nearly  eight  parts 
of  oxygen  to  one  of  hydrogen,  yet  the  proportion 
of  the  volume  of  the  gases  is  about  one  part  of 
oxygen  to  two  of  hydrogen ;  so  much  heavier  is 
the  former  than  the  latter. 


CAROLINE. 

But  why  is  the  vessel  in  which  the  water  is 
decomposed  so  hot  ?  As  the  water  changes  from 
a  liquid  to  a  gaseous  form,  cold  should  be  pro¬ 
duced  instead  of  heat. 


MRS.  B. 

No;  for  if  one  of  the  constituents  of  water  is 
converted  into  a  gas,  the  other  becomes  solid  in 
combining  with  the  metal. 


EMILY. 

In  this  case,  then,  neither  heat  nor  cold  should 
be  produced. 

MRS.  B. 

Y ery  true ;  and,  in  fact,  the  heat  which  is  gene¬ 
rated  in  this  operation  is  not  owing  to  the  decom¬ 
position  of  the  water,  but  to  an  extrication  of 
caloric  produced  by  the  mixture  of  water  and 
sulphuric  acid.  I  will  mix  some  water  and  sul¬ 
phuric  acid  together  in  this  glass,  that  you  may 
be  sensible  of  the  surprising  quantity  of  heat  which 
is  disengaged  by  their  union  —  now  take  hold  of 
the  glass - 


CAROLINE. 

Indeed  I  cannot ;  it  feels  as  hot  as  boiling  water. 
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I  should  have  imagined  there  would  have  been 
heat  enough  disengaged  to  have  rendered  the 
liquid  solid. 

MRS.  B. 

Since  it  does  not  produce  that  effect,  we  cannot 
refer  this  heat  to  the  modification  called  latent  heat. 
We  may,  however,  I  think,  consider  it  as  heat  of 
capacity,  since  the  liquid  is  condensed  by  its  loss ; 
and  if  you  were  to  repeat  the  experiment,  in  a  gra¬ 
duated  tube,  you  would  find  that  the  two  liquids, 
when  mixed,  occupy  considerably  less  space  than 
they  did  separately.  But  we  will  reserve  this  to 
another  opportunity,  and  attend  at  present  to  the 
hydrogen  gas  which  we  have  been  producing. 

If  I  now  set  the  hydrogen  gas,  which  is  con¬ 
tained  in  this  receiver,  suddenly  at  liberty,  and 
kindle  it  as  soon  as  it  comes  in  contact  with  the 
atmosphere,  by  means  of  a  taper,  it  will  so  sud¬ 
denly  and  rapidly  decompose  the  oxygen  gas,  by 
combining  with  its  basis,  that  an  explosion,  or  a 
detonation  (as  chemists  commonly  call  it),  will  be 
produced.  For  this  purpose,  I  need  only  take  up 
the  receiver,  and  quickly  present  its  open  mouth 
to  the  taper  —  so - 

CAROLINE. 

It  produced  only  a  sort  of  hissing  noise,  with  a 
vivid  flash  of  light.  I  had  expected  a  much  greater 
report. 

MRS.  B. 

And  so  it  would  have  been,  had  the  gases  been 
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closely  confined  at  the  moment  they  were  made  to 
explode.  If,  for  instance,  we  were  to  put  in  this 
bottle  a  mixture  of  hydrogen  gas  and  atmospheric 
air;  and  if,  after  corking  the  bottle,  we  should 
kindle  the  mixture  by  a  very  small  orifice,  from 
the  sudden  dilatation  of  the  gases  at  the  moment 
of  their  combination,  the  bottle  must  either  fly  to 
pieces,  or  the  cork  be  blown  out  with  considerable 
violence. 

CAROLINE. 

But  in  the  experiment  which  we  have  just  seen, 
if  you  did  not  kindle  the  hydrogen  gas,  would  it 
not  equally  combine  with  the  oxygen  ? 

MRS.  B. 

Certainly  not :  for,  as  I  have  explained  to  you, 
it  is  necessary  that  the  oxygen  and  hydrogen 
gases  be  burnt  together,  in  order  to  combine 
chemically  and  produce  water. 

CAROLINE. 

That  is  true ;  but  I  thought  this  was  a  different 
combination,  for  I  see  no  water  produced. 

MRS.  B. 

The  water  resulting  from  this  detonation  was  so 
small  in  quantity,  and  in  such  a  state  of  minute 
division,  as  to  be  invisible.  But  water  certainly 
was  produced  ;  for  oxygen  is  incapable  of  com¬ 
bining  with  hydrogen  in  any  other  proportion 
than  those  which  form  water ;  therefore  water 
must  always  be  the  result  of  their  combination. 
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If,  instead  of  bringing  the  hydrogen  gas  into 
sudden  contact  with  the  atmosphere  (as  we  did 
just  now),  so  as  to  make  the  whole  of  it  explode 
the  moment  it  is  kindled,  we  allow  but  a  very  small 
surface  of  gas  to  burn  in  contact  with  the  atmo¬ 
sphere,  the  combustion  goes  on  quietly  and  gradu¬ 
ally  at  the  point  of  contact,  without  any  detonation, 
because  the  surfaces  brought  together  are  too 
small  for  the  immediate  union  of  the  gases.  The 
experiment  is  a  very  easy  one.  This  phial,  with  a 
narrow  neck  (Plate  XI.  fig.  5.),  is  full  of  hydrogen 
gas,  and  is  carefully  corked.  If  I  take  out  the 
cork  without  moving  the  phial,  and  quickly  place 
the  candle  at  the  orifice,  you  will  see  how  different 
the  result  will  be - - 

EMILY. 

How  prettily  it  burns,  with  a  blue  flame !  The 
flame  is  gradually  sinking  within  the  phial  —  now 
it  has  entirely  disappeared.  But  does  not  this 
combustion  likewise  produce  water  ? 

MRS.  B. 

Undoubtedly.  In  order  to  make  the  formation 
of  the  water  sensible  to  you,  I  shall  procure  a  fresh 
supply  of  hydrogen  gas,  by  putting  into  this  bottle 
(Plate  XI.  fig.  6.)  iron  filings,  water,  and  sulphuric 
acid  —  materials  similar  to  those  which  we  have 
just  used  for  the  same  purpose.  I  shall  then  cork 
up  the  bottle,  leaving  only  a  small  orifice  in  the 
cork,  with  a  piece  of  glass  tube  fixed  to  it,  through 
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which  the  gas  will  issue  in  a  continued  rapid 
stream. 

CAROLINE. 

I  hear  already  the  hissing  of  the  gas  through 

the  tube,  and  I  can  feel  a  strong  current  against 
my  hand. 

MRS.  B. 

This  current  I  am  going  to  kindle  with  the 
taper :  —  see  how  vividly  it  burns. 

EMILY. 

It  burns  like  a  candle  with  a  great  flame.  But 
why  does  this  combustion  last  so  much  longer  than 
in  the  former  experiment  ? 

MRS.  B. 

dhe  combustion  goes  on  uninterruptedly,  as 
long  as  the  new  gas  continues  to  be  produced. 
Ivow,  if  I  invert  this  receiver  over  the  flame,  you 
A\ill  soon  perceive  its  internal  surface  covered  with 
a  very  fine  dew,  which  is  pure  water. 

CAROLINE. 

T  c;?,  indeed ;  the  glass  is  now  quite  dim  with 
moisture  !  How  glad  I  am  that  we  can  see  the 
water  produced  by  this  combustion. 

EMILY. 

It  is  exactly  what  I  was  anxious  to  see ;  for  I 
confess  I  was  little  incredulous. 

MRS.  B. 

If  I  had  not  held  the  glass  bell  over  the  flame. 
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the  water  would  have  escaped  in  the  state  of  va¬ 
pour,  as  it  did  in  the  former  experiment.  We 
have  here  obtained  but  a  very  small  quantity  of 
water;  but  the  difficulty  of  procuring  a  proper 
apparatus,  with  sufficient  quantities  of  gases,  pre¬ 
vents  my  showing  it  you  on  a  larger  scale. 

The  composition  of  water  was  discovered  about 
the  same  period,  both  by  Mr.  Cavendish,  in  this 
country,  and  by  the  celebrated  French  chemist, 
Lavoisier.  The  latter  invented  a  very  perfect  and 
ingenious  apparatus  to  perform,  with  great  accu¬ 
racy,  and  upon  a  large  scale,  the  formation  of 
water  by  the  combination  of  oxygen  and  hydrogen 
gases.  Two  tubes,  conveying  due  proportions, 
the  one  of  oxygen,  the  other  of  hydrogen  gas,  are 
inserted  at  opposite  sides  of  a  large  globe  of  glass, 
previously  exhausted  of  air ;  the  two  streams  of 
gas  are  kindled  within  the  globe,  by  the  electrical 
spark,  at  the  point  where  they  come  in  contact ; 
they  burn  together,  that  is  to  say,  the  hydrogen 
combines  with  the  oxygen,  the  caloric  is  set  at 
liberty,  and  a  quantity  of  water  is  produced 
exactly  equal,  in  weight,  to  that  of  the  two  gases 
introduced  into  the  globe. 

CAEOLINE. 

And  what  was  the  greatest  quantity  of  water 
ever  formed  in  this  apparatus  ? 

MKS.  B. 

Several  ounces ;  indeed,  very  nearly  a  pound. 
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if  I  lecollect  right ;  but  the  operation  lasted  many 
days. 

EMILY. 

This  experiment  must  have  convinced  all  the 
world  of  the  truth  of  the  discovery.  Pray,  if  im¬ 
proper  proportions  of  the  gases  were  mixed  and 
set  fire  to,  what  would  be  the  result  ? 

MRS.  B. 

TV  ater  would  equally  be  formed,  but  there  would 
be  a  residue  of  either  one  or  other  of  the  gases, 
because,  as  I  have  already  told  you,  hydrogen  and 
oxygen  will  combine  only  in  the  proportions  re¬ 
quisite  for  the  formation  of  water. 

EMILY. 

Look,  Mrs.  B.,  our  experiment  with  the  Voltaic 
battery  (Plate  XI.  fig.  2.)  has  made  great  pro¬ 
gress  ;  a  quantity  of  gas  has  been  formed  in  each 
tube ;  but  in  one  of  them  there  is  twice  as  much 
as  in  the  other. 

MRS.  B. 

T  es ;  because,  you  know,  water  is  composed  of 
two  volumes  of  hydrogen  to  one  of  oxygen  —  and 
if  we  should  now  mix  these  gases  together  and 
set  fire  to  them  by  an  electrical  spark,  both  gases 
would  entirely  disappear,  and  a  small  quantity  of 
water  would  be  formed. 

There  is  another  curious  effect  produced  by  the 
combustion  of  hydrogen  gas,  which  I  shall  show 
you,  though  I  must  acquaint  you  first  that  I  can- 
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not  well  explain  the  cause  of  it.  F or  this  purpose 
I  must  put  some  materials  into  our  apparatus,  in 
order  to  obtain  a  stream  of  hydrogen  gas,  just  as 
we  have  done  before.  The  process  is  already  going  . 
on,  and  the  "as  is  rushing;  through  the  tube  —  I 

J  iD  O  O 

shall  now  kindle  it  with  the  taper. 

EMILY. 

It  burns  exactly  as  it  did  before -  What  is 

the  curious  effect  to  which  you  were  referring  ? 

MRS.  B. 

Instead  of  the  receiver,  by  means  of  which  we 
have  just  seen  the  drops  of  water  form,  we  shall 
invert  over  the  flame  this  piece  of  tube,  which  is 
about  two  feet  in  length,  and  one  inch  in  diameter 
(Plate  XI.  fig.  7.):  you  must  observe  that  it  is 
open  at  both  ends. 

EMILY. 

What  a  strange  noise  it  produces !  something 
like  the  TEolian  harp,  but  not  so  sweet. 

CAROLINE. 

It  is  very  singular  indeed ;  but  I  think  rather 
too  powerful  to  be  pleasing.  And  is  not  this  sound 
accounted  for  ? 

MRS.  B. 

That  the  percussion  of  glass,  by  a  rapid  stream 
of  gas,  should  produce  a  sound,  is  not  extraordi¬ 
nary  :  but  the  sound  here  is  peculiar,  no  other 
gas  having  a  similar  effect.  Perhaps  it  is  owing  to 
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a  brisk  vibratory  motion  of  the  glass,  occasioned  by 
the  successive  formation  and  condensation  of  small 
drops  of  water  on  the  side  of  the  glass  tube,  and  the 
air  rushing  in  to  replace  the  vacuum  formed.* 

CAROLINE. 

How  very  much  this  flame  resembles  the  burn¬ 
ing  of  a  candle ! 


MRS.  B. 

The  burning  of  a  candle  is  produced  by  much 
the  same  means.  A  great  deal  of  hydrogen  is 
contained  in  candles,  whether  of  tallow  or°  wax. 
This  hydrogen,  being  converted  into  gas  by  the 
heat  of  the  burning  wick,  combines  with  the  oxygen 
of  the  atmosphere,  and  flame  and  water  result  from 
the  combination.  So  that,  in  fact,  the  flame  of  a 
candle  is  owing  to  the  combustion  of  hydrogen  gas. 
An  elevation  of  temperature,  such  as  is  produced 
by  a  lighted  match  or  taper,  is  required  to  give 
the  first  impulse  to  the  combustion;  but  afterwards 
it  goes  on  of  itself,  because  a  sufficient  supply  of 
caloric  is  given  out  by  the  gases  during  their  com¬ 
bustion.  But  there  are  other  circumstances  con¬ 
nected  with  the  combustion  of  candles  and  lamps, 
v  Inch  I  cannot  explain  toyou  tillyou  are  acquainted 
with  carbon,  which  is  one  of  their  constituent  parts. 
In  general,  however,  whenever  you  see  flame,  you 
may  infer  that  it  is  owing  to  the  formation  and 


-This  ingenious  explanation  was  first  suggested  by  Dr 

De  la  Rive.  — See  Journals  of  the  Royal  Institution,  vol  i* 
p.  259. 
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burning  of  hydrogen  gas*;  for  flame  is  the  pecu¬ 
liar  mode  of  burning  of  hydrogen  gas,  which,  with 
only  one  or  two  apparent  exceptions,  does  not  be¬ 
long  to  any  other  combustible. 

EMILY. 

You  astonish  me  !  I  understood  that  flame  was 
the  caloric  disengaged  in  all  combustions  whatever. 

MRS.  B. 

Your  error  proceeded  from  your  vague  and  in¬ 
correct  idea  of  flame :  you  have  confounded  it  with 
light  and  caloric  in  general.  Flame,  no  doubt, 
always  implies  caloric,  since  it  is  produced  by  the 
combustion  of  hydrogen  gas ;  but  caloric  does  not 
always  imply  flame.  Many  bodies  burn  with  intense 
heat  without  producing  flame.  Coals,  for  instance, 
emit  flame  until  all  the  hydrogen  which  they  con¬ 
tain  is  evaporated ;  yet  when  they  afterwards  be¬ 
come  red-hot,  much  more  caloric  is  disengaged 
than  when  they  merely  produce  flame. 

CAROLINE. 

But  the  iron  wire,  which  you  burnt  in  oxygen 
gas,  appeared  to  me  to  emit  flame ;  yet,  as  it  was 
a  simple  metal,  it  could  contain  no  hydrogen  ? 

MRS.  B. 

It  produced  a  dazzling  blaze  of  light,  and  threw 
out  a  number  of  brilliant  sparks,  but  had  no  real 
flame. 

*  Or  rather  hydro -carbonate,  a  gas  composed  of  hydrogen 
and  carbon,  which  will  be  noticed  under  the  head  Carbon. 
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EMILY. 

And  what  is  the  cause  of  the  regular  shape  of 
the  flame  of  a  candle  ? 


MRS.  B. 

The  regular  stream  of  hydrogen  gas  which  ex¬ 
hales  from  its  combustible  matter. 

CAROLINE. 

But  the  hydrogen  gas  must,  from  its  great  levity, 
ascend  into  the  upper  regions  of  the  atmosphere  : 

why,  therefore,  does  not  the  flame  continue  to  ac¬ 
company  it  ? 

MRS.  B. 

The  hydrogen  gas,  it  is  true,  would  ascend  into 
those  regions,  if  no  combustion  took  place,  but 
this  process  arrests  it  in  its  course,  and  is  com¬ 
pleted  at  the  point  where  the  flame  terminates  : 
it  then  ceases  to  be  hydrogen  gas,  as  it  is  con¬ 
verted,  by  its  combination  with  oxygen,  into 
watery  vapour ;  but  in  a  state  of  such  minute  divi¬ 
sion  as  to  be  invisible. 

CAROLINE. 

I  do  not  understand  what  is  the  use  of  the  wick 

of  a  candle,  since  the  hydrogen  gas  burns  so  well 
without  it. 

MRS.  B. 

The  combustible  matter  of  the  candle  must  be 
decomposed  in  order  to  emit  the  hydrogen  gas ; 
and  the  wick  is  instrumental  in  effecting  this  de- 
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composition.  Its  combustion  first  melts  the  com¬ 
bustible  matter,  and - 

CAROLINE. 

But,  in  lamps,  the  combustible  matter  is  already 
fluid,  and  yet  they  also  require  wicks. 

MRS.  B. 

I  was  going  to  add,  that,  afterwards,  the  burning 
wick  (by  the  power  of  capillary  attraction)  gra¬ 
dually  draws  up  the  fluid  to  the  point  where  com¬ 
bustion  takes  place ;  for  you  must  have  observed 
that  the  wick  does  not  burn  quite  to  the  bottom. 

CAROLINE. 

I  have  noticed  that;  but  I  do  not  understand 
why  it  does  not. 

MRS.  B. 

Because  the  air  has  not  such  free  access  to  that 
part  of  the  wick  which  is  immediately  in  contact 
with  the  candle,  as  to  the  part  just  above,  so  that 
the  heat  there  is  not  sufficient  to  produce  its  de¬ 
composition  :  the  combustion,  therefore,  begins  a 
little  above  this  uoint. 

JL 

CAROLINE. 

% 

But,  Mrs.  B.,  in  gas-lights  there  is  no  wick  at 
all.  How  are  these  managed  ? 

MRS.  B. 

In  these  lamps  the  gas  itself  is  kindled,  and 
burns  just  as  we  have  seen  it  when  issuing  from 
the  bottle  (fig.  7.) :  it  is  conveyed  from  a  reservoir 
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through  a  tube,  at  the  extremity  of  which  it  is 
lighted,  and  burns  as  long  as  the  supply  continues 
There  is,  therefore,  no  occasion  for  a  wick,  or  any 
other  fuel  whatever. 

EMILY. 

But  how  is  this  gas  procured  in  such  large 
quantities  ? 

MRS.  B. 

It  is  obtained  from  coal,  by  distillation,  and 
sometimes  from  oil.  Coal,  when  exposed  to  heat 
in  a  close  vessel,  is  decomposed ;  and  hydrogen, 
which  is  one  of  its  constituents,  rises  in  the  state 
of  gas,  combined  with  another  of  its  component 
parts,  carbon,  forming  a  compound  gas,  called 
hydro-carbonate,  the  nature  of  which  we  shall  again 
have  an  opportunity  of  noticing  when  we  treat  of 
carbon.  This  gas,  like  hydrogen,  is  perfectly 
transparent,  invisible,  and  highly  inflammable ; 
and,  in  burning,  it  emits  that  vivid  light  which 
you  have  so  often  observed. 

CAROLINE. 

And  does  the  process  for  procuring  it  require 
nothing  but  heating  the  coals,  and  conveying  the 
gas  through  tubes  ?  ° 

MRS.  B. 

IS  othing  more ;  except  that  the  gas  must  be  made 
to  pass,  immediately  at  its  formation,  through  two 
or  three  large  vessels  of  water,  in  which  it  deposits 
water,  tar,  and  oil,  and  some  other  ingredients 
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which  also  arise  from  the  distillation  of  coals. 
The  gas-light  apparatus,  therefore,  consists  simply 
in  a  large  iron  vessel,  in  which  the  coals  are  ex¬ 
posed  to  the  heat  of  a  furnace,  —  some  reservoirs 
of  water,  in  which  the  gas  deposits  its  impurities,  — 
and  tubes  that  convey  it  to  the  desired  spot,  being 
propelled  with  uniform  velocity  through  the  tubes 
by  means  of  a  certain  degree  of  pressure  which  is 
made  upon  the  reservoir. 

EMILY. 

Then,  besides  the  advantage  of  the  gas,  tar  and 
oil  are  obtained  from  the  coal,  and  these  are  very 
valuable  products. 

MRS.  B. 

True ;  but  the  most  important  is  the  residue 
of  the  coal  itself,  which,  after  having  given  out 
the  gas,  with  a  certain  portion  of  tar  and  oil,  is 
transformed  into  a  body  called  coke,  which  con¬ 
sists  of  carbon,  with  some  earthy  and  saline  ingre¬ 
dients,  and  burns  without  flame  or  smoke.  This 
substance  is  much  used  in  manufactories,  and  is 
for  many  purposes  preferred  to  coal. 

EMILY. 

How  admirably  all  this  is  contrived ! 

MRS.  B. 

For  the  purpose  of  lighting  streets,  offices,  shops, 
and  public  places,  it  far  surpasses  any  former  in¬ 
vention  ;  but  in  regard  to  the  interior  of  private 
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houses,  this  mode  of  lighting  has  not  yet  been 
found  generally  desirable.  It  may,  however,  be 
considered  as  one  of  the  happiest  applications  of 
chemistry  to  the  comforts  of  life,  and  even  to  the 
morals  of  large  cities,  where,  in  consequence  of 
the  streets  being  so  admirably  lighted  in  even  the 
darkest  nights,  crime  is  more  easily  detected,  and 
therefore  of  less  frequent  occurrence.  Gas  lights 
are  excellent  policemen. 

But  I  have  another  experiment  to  show  you 
with  hydrogen  gas,  which,  I  think,  will  entertain 
you.  Have  you  ever  blown  bubbles  with  soap 
and  water? 

EMILY. 

Yes,  often,  when  I  was  a  child ;  and  I  used  to 
make  them  float  in  the  air  by  blowing  them  up¬ 
wards. 

MRS.  B. 

We  shall  fill  some  such  bubbles  with  hydrogen 
gas,  instead  of  atmospheric  air,  and  you  will  see 
with  what  ease  and  rapidity  they  will  ascend,  from 
the  lightness  of  the  gas,  without  the  assistance  of 
blowing.  —  Will  you  mix  some  soap  and  water, 
whilst  I  fill  this  bladder  with  the  gas  contained 
in  the  receiver  which  stands  on  the  shelf  in  the 
water-bath?  (Plate  XII.  fig.  1.) 

CAROLINE. 

What  is  the  use  of  the  brass  stopper  and  turn¬ 
cock  at  the  top  of  the  receiver  ? 
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MRS.  B. 

It  is  to  afford  a  passage  to  the  gas,  when 
required.  There  is,  you  see,  a  similar  stopcock 
fastened  to  this  bladder,  which  is  made  to  fit  that 
on  the  receiver.  I  screw  them  one  on  the  other, 
and  now  turn  the  two  cocks,  to  open  a  commu¬ 
nication  between  the  receiver  and  the  bladder; 
then,  by  sliding  the  receiver  off  the  shelf,  and 
gently  sinking  it  into  the  bath,  the  water  rises  in 
the  receiver,  and  forces  the  gas  into  the  bladder. 

CAROLINE. 

Yes,  I  see  the  bladder  swell  as  the  water  rises 
in  the  receiver. 

MRS.  B. 

I  think  that  we  have  already  a  sufficient  quantity 
in  the  bladder  for  our  purpose :  we  must  be  care¬ 
ful  to  stop  both  the  cocks  before  we  separate  the 
bladder  from  the  receiver,  lest  the  gas  should 
escape.  —  Now  I  must  fix  a  pipe  to  the  stopper 
of  the  bladder,  and  by  dipping  its  mouth  into  the 
soap  and  water,  take  up  a  few  drops ;  then  I  again 
turn  the  cock,  and  squeeze  the  bladder,  in  order 
to  force  the  gas  into  the  soap  and  water  at  the 
mouth  of  the  pipe.  (Plate  XII.  fig.  2.) 

EMILY. 

There  is  a  bubble :  but  it  bursts  before  it  leaves 
the  mouth  of  the  pipe. 

MRS.  B. 

We  must  have  patience,  and  try  again :  it  is  not 
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so  easy  to  blow  bubbles  by  means  of  a  bladder,  as 
simply  with  the  breath. 

CAROLINE. 

Perhaps  there  is  not  soap  enough  in  the  water. 
I  should  have  had  warm  water;  it  would  have 
dissolved  the  soap  better.  Does  not  some  of  the 
gas  escape  between  the  bladder  and  the  pipe  ? 


MRS.  B. 

iSo,  they  are  perfectly  air-tight;  we  shall  suc¬ 
ceed  presently,  I  dare  say. 

CAROLINE. 

Now  a  bubble  ascends ;  it  moves  with  the  rapi- 
dity  of  a  balloon.  How  beautifully  it  refracts  the 
light ! 

EMILY. 

It  has  burst  against  the  ceiling.  You  succeed 
now  wonderfully  ;  there  is  another— and  another 

but  why  do  they  all  ascend  and  burst  against 
the  ceiling? 

MRS.  B. 

Hydrogen  gas  is  so  much  lighter  than  atmo¬ 
spherical  air,  that  it  ascends  rapidly  with  its  very 
light  envelope,  which  is  burst  by  the  force  with 
which  it  strikes  the  ceiling. 

Air-balloons  are  filled  with  this  gas,  and,  if 
they  carried  no  other  weight  than  their  covering, 
would  ascend  as  rapidly  as  these  bubbles. 
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CAROLINE. 

Yet  their  covering  must  be  much  heavier  than 
that  of  these  bubbles  ? 

MRS.  B. 

Not  in  proportion  to  the  quantity  of  gas  they 
contain.  I  clo  not  know  whether  you  have  ever 
been  present  at  the  filling  of  a  large  balloon.  The 
apparatus  for  that  purpose  is  very  simple.  It  con¬ 
sists  of  a  number  of  vessels,  either  jars  or  barrels, 
in  which  the  materials  for  the  formation  of  the  gas 
are  mixed,  each  of  these  being  furnished  with  a 
tube,  and  communicating  with  a  long  flexible  pipe, 
which  conveys  the  gas  into  the  balloon. 

EMILY. 

Fire-balloons  are  constructed,  I  suppose,  on  a 
different  principle  ? 

Yes,  they  were  the  first  balloons  invented,  but 
have  been  since  abandoned  on  account  of  their 
danger.  They  were  filled  simply  with  atmospherical 
air,  considerably  rarefied  by  heat ;  and  the  neces¬ 
sity  of  having  a  fire  underneath  the  balloon,  in 
order  to  preserve  the  rarefaction  of  the  air  within 
it,  was  the  circumstance  productive  of  so  much 
risk. 

If  you  are  not  yet  tired  of  experiments,  I  have 
another  to  show  you.  It  consists  in  filling  soap 
bubbles  with  a  mixture  of  hydrogen  and  oxygen 
gases,  in  the  proportions  which  form  water,  and 
afterwards  setting  fire  to  them. 
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EMILY. 

They  will  detonate,  I  suppose,  at  the  moment 
of  combination  of  the  two  gases  ? 

O 

MRS.  B. 

1  es,  they  will.  As  you  have  seen  the  method 
of  transferring  the  gas  from  the  receiver  into  the 
bladder,  it  is  not  necessary  to  repeat  it.  I  have 
therefore  provided  a  bladder  which  contains  a  due 
proportion  of  oxygen  and  hydrogen  gases,  and  we 
have  only  to  blow  bubbles  with  it. 

CAROLINE. 

Here  is  a  fine  large  bubble  rising :  —  shall  I  set 
fire  to  it  with  a  candle  ? 

MRS.  B. 

If  you  please. 

CAROLINE. 

What  an  explosion!  —  It  was  like  the  report  of 
a  gun :  I  confess  it  frightened  me.  I  never  should 
have  imagined  it  could  have  been  so  loud. 

EMILY. 

And  the  flash  was  as  vivid  as  lightning. 

MRS.  B. 

The  combination  of  the  two  gases  takes  place 
during  that  instant  of  time  in  which  you  see  the 
flash,  and  hear  the  detonation. 

EMILY. 

This  has  a  strong  resemblance  to  thunder  and 
lightning. 
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MRS.  B. 

Thunder  and  lightning,  however,  are  generally 
of  an  electrical  nature.  Yet  various  meteorological 
effects  may  he  attributed  to  accidental  detonations 
of  hydrogen  gas  in  the  atmosphere;  for  nature 
abounds  with  hydrogen :  it  constitutes,  you  know, 
a  very  considerable  portion  of  the  whole  mass  of 
water  belonging  to  our  globe,  and  from  that  source 
almost  every  other  body  obtains  it.  It  enters  into 
the  composition  of  all  animal  substances,  and  of  a 
great  number  of  minerals ;  but  it  is  most  abun¬ 
dant  in  vegetables.  From  this  immense  variety 
of  bodies  it  is  often  spontaneously  disengaged ;  its 
great  levity  makes  it  rise  into  the  superior  regions 
of  the  atmosphere ;  and  when,  either  by  an  elec¬ 
trical  spark,  or  any  casual  elevation  of  temperature, 
it  takes  fire,  it  produces  such  meteors  or  lumi¬ 
nous  appearances  as  are  occasionally  seen  in  the 
atmosphere.  Of  this  kind  are  probably  those  broad 
flashes  which  we  often  see  on  a  summer  evening, 
without  hearing  any  detonation. 

EMILY. 

Every  flash,  I  suppose,  must  produce  a  quantity 
of  water? 

CAROLINE. 

And  this  water  naturally  descends  in  the  form 
of  rain? 

MRS.  B. 

That  probably  is  often  the  case,  though  it  is 
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not  a  necessary  consequence ;  for  the  water  may 
be  dissolved  by  the  atmosphere,  as  it  descends 
towards  the  lower  regions,  and  remain  there  in 
the  form  of  clouds. 

The  application  of  electrical  attraction  to  che¬ 
mical  phenomena  is  likely  to  lead  to  many  very 
interesting  discoveries  in  meteorology;  for  elec¬ 
tricity  evidently  acts  a  most  important  part  in  the 
atmosphere.  This  subject,  however,  is,  as  yet, 
not  sufficiently  developed  for  me  to  venture  en¬ 
larging  upon  it.  The  phenomena  of  the  atmo¬ 
sphere  are  far  from  being  well  understood;  and 
even  with  the  little  that  is  known  I  am  but  im¬ 
perfectly  acquainted. 

But  before  we  take  leave  of  hydrogen,  I  must 
not  omit  to  mention  to  you  a  most  interesting  dis¬ 
covery  of  Sir  H.  Davy,  which  is  connected  with 
this  subject. 

CAROLINE. 

You  allude,  I  suppose,  to  the  miner’s  lamp, 
which  has  been  so  much  talked  of?  I  have  long 
been  desirous  of  knowing  what  that  discovery  was° 
and  what  purpose  it  was  intended  to  answer. 

MRS.  B. 

It  often  happens  in  coal-mines,  that  quantities 
of  the  gas  called  by  chemists  hydro-carbonate ,  or 
by  the  miners  Jire-damp  (the  same  from  which  the 
gaslights  aie  obtained),  ooze  out  from  fissures  in 
the  beds  of  coal,  and  fill  the  cavities  in  which  the 
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men  are  at  work :  and  this  gas  being  inflammable, 
when  the  men  approach  those  places  with  a  lighted 
candle,  the  gas  takes  fire,  and  explosions  happen 
which  destroy  the  men  and  horses  employed  in 
that  part  of  the  colliery,  sometimes  in  great  num¬ 
bers. 

EMILY. 

What  tremendous  accidents  these  must  be ! 
But  whence  does  that  gas  originate  ? 

EMILY. 

Being  the  chief  product  of  the  combustion  of 
coal,  no  wonder  that  inflammable  gas  should  occa¬ 
sionally  appear  in  situations  in  which  this  mineral 
abounds,  since  there  can  be  no  doubt  that  processes 
of  combustion  are  frequently  taking  place  at  a 
great  depth  under  the  surface  of  the  earth ;  and, 
therefore,  those  accumulations  of  gas  may  arise 
either  from  combustions  actually  going  on,  or  from 
former  combustions,  the  gas  having  perhaps  been 
confined  there  for  ages. 

CAROLINE. 

And  how  does  Sir  H.  Davy’s  lamp  prevent  those 
dreadful  explosions  ? 

MRS.  B. 

By  a  contrivance  equally  simple  and  ingenious ; 
and  which  does  no  less  credit  to  the  philosophical 
views  from  which  it  was  deduced,  than  to  the 
philanthropic  motives  from  which  the  enquiry 
sprung.  The  principle  of  the  lamp  is  shortly 
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this :  —  It  was  ascertained  a  few  years  ago,  both 
by  Mr.  Tennant,  and  by  Sir  Humphry  himself, 
that  the  combustion  of  inflammable  gas  could  not 
be  propagated  through  small  tubes;  so  that  if  a  jet 
of  an  inflammable  gaseous  mixture,  issuing  from  a 
bladder,  or  any  other  vessel,  through  a  small  tube, 
be  set  fire  to,  it  burns  at  the  orifice  of  the  tube, 
but  the  flame  never  penetrates  into  the  vessel.  It 
is  upon  this  fact  that  Sir  Humphry’s  safety-lamp 
is  founded. 

EMILY. 

But  why  does  not  the  flame  penetrate  through 
the  tube  into  the  vessel  from  which  the  gas  issues, 
so  as  to  explode  at  once  the  whole  of  the  gas  ? 

O 

MRS.  B. 

Because  the  inflamed  gas  is  so  much  cooled  in 
its  passage  through  a  small  tube  as  to  cease  to 
burn  before  the  combustion  reaches  the  reservoir. 

CAROLINE. 

And  how  can  this  principle  be  applied  to  the 
construction  of  a  lamp  ? 

MRS.  B. 

Nothing  easier.  1  ou  need  only  suppose  a  lamp 
enclosed  all  round  in  glass  or  horn,  but  having 
a  number  of  small  open  tubes  at  the  bottom,  and 
others  at  the  top,  to  let  the  air  in  and  out.  Now, 
if  such  a  lamp  or  lantern  be  carried  into  an  atmo¬ 
sphere  capable  of  exploding,  an  explosion  or  com¬ 
bustion  of  the  gas  will  take  place  within  the  lamp. 
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and  although  the  vent  afforded  by  the  tubes  will 
save  the  lamp  from  bursting,  yet,  from  the  prin¬ 
ciple  just  explained,  the  combustion  will  not  be 
propagated  to  the  external  air  through  the  tubes, 
so  that  no  farther  consequence  will  ensue. 

EMILY. 

And  is  that  all  the  mystery  of  this  valuable 
? 

MRS.  B. 

uSTo :  in  the  early  part  of  the  enquiry  a  lamp  of 
this  kind  was  actually  proposed ;  but  it  was  but  a 
rude  sketch  compared  to  its  present  state  of  im¬ 
provement.  Sir  H.  Davy  conceived  the  idea  that 
if  the  lamp  were  surrounded  by  a  wire-work  or 
wire  gauze,  of  a  close  texture,  instead  of  a  glass 
or  horn,  the  tubular  contrivance  I  have  just  de¬ 
scribed  would  be  entirely  superseded,  since  each  of 
the  interstices  of  the  gauze  would  act  as  a  tube  in 
preventing  the  propagation  of  explosion ;  so  that 
this  pervious  metallic  covering  would  answer  the 
various  purposes  of  transparency,  of  permeability 
to  air,  and  of  protection  against  explosion.  This 
idea  lie  immediately  submitted  to  the  test  of  ex¬ 
periment,  and  the  result  answered  his  most  san¬ 
guine  expectations,  both  in  his  laboratory,  and  in 
the  collieries,  where  it  is  now  in  extensive  use. 
And  he  had  the  happiness  of  knowing  that  his 
invention  was  the  means  of  saving  every  year  a 
number  of  lives,  which  would  have  been  lost  in 
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out  of  the  bowels  of  the  earth  one  of  the 
most  \  aluable  necessaries  of  life.  Here  is  one  of 
these  lamps,  every  part  of  which  you  will  at  once 
comprehend.  (See  Plate  XIII.  fig.  1.) 

CAROLINE. 

How  very  simple  and  ingenious !  But  I  do  not 
yet  well  see  why  an  explosion  taking  place  within 
the  lamp  should  not  communicate  to  the  external 
air  around  it,  through  the  interstices  of  the  wire. 

MRS.  B. 

This  has  been  and  is  still  a  subject  of  wonder, 
even  to  philosophers;  and  the  only  mode  they 
have  of  explaining  it  is,  that  flame  or  ignition  can- 
not  pass  through  a  fine  wire-work,  because  the 
metallic  wire  cools  the  flame  sufficiently  to  ex¬ 
tinguish  it  in  passing  through  the  gauze.  This 
property  of  the  wire-gauze  is  quite  similar  to  that 
of  the  tubes  which  I  mentioned  on  introducing* 
the  subject  ;  for  you  may  consider  each  interstice 
of  the  gauze  as  an  extremely  short  tube  of  a  very 
small  diameter. 

EMILY. 

But  I  should  expect  the  wire  would  often  be¬ 
come  red-hot,  by  the  burning  of  the  gas  within 
the  lamp. 

MRS.  B. 

And  this  is  actually  the  case,  for  the  top  of  the 
lamp  is  very  apt  to  become  red-hot.  But  fortu¬ 
nately,  such  inflammable  gaseous  mixtures  as  are 
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found  in  the  mines  cannot  be  exploded  by  red-hot 
wire,  the  intervention  of  actual  flame  being  re- 
quired  for  that  purpose ;  so  that  the  wire  does  not 
set  fire  to  the  explosive  gas  around  it. 

EMILY. 

I  can  understand  that ;  but  if  the  wire  be  red- 
hot,  how  can  it  cool  the  flame  within,  and  prevent 
its  passing  through  the  gauze  ? 

MRS.  B. 

The  gauze,  though  red-hot,  is  not  so  hot  as  the 
flame  by  which  it  has  been  heated ;  and  as  metallic 
wire  is  a  good  conductor,  the  heat  does  not  much 
accumulate  in  it,  as  it  passes  off  quickly  to  the 
other  parts  of  the  lamp,  as  well  as  to  any  contigu¬ 
ous  bodies. 

CAROLINE. 

This  is  indeed  a  most  interesting  discovery,  and 
one  which  shows  at  once  the  immense  utility  with 
which  science  may  be  practically  applied  to  some 
of  the  most  important  purposes. 
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ON  SULPHUR  AND  PHOSPHORUS. 


MRS.  B. 

We  shall  now  proceed  to  the  second  division  o£ 
the  third  Class,  comprehending  the  bodies  forming 
acids  by  their  combination  with  oxygen.  Of  these 
we  have  already  noticed  Nitrogen. 

EMILY. 

But  you  have  said  nothing  of  its  properties  as 
an  acid. 

MRS.  B. 

Because  we  considered  it,  as  we  shall  do  the 
other  elementary  bodies,  first  in  their  simple  state. 
When  we  treat  of  compound  bodies,  we  shall  ex¬ 
amine  them  in  their  combination  with  oxygen, 
and  decribe  their  properties  as  acids. 

Sulphur  is  the  next  substance  that  comes  under 
our  consideration.  It  differs  in  one  essential  point 
from  the  preceding,  as  it  exists  in  a  solid  form  at 
the  temperature  of  the  atmosphere. 

CAROLINE. 

I  am  glad  that  we  have  at  last  a  solid  body  to 
examine ;  one  that  we  can  see  and  touch.  Sulphur 
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must  be  an  inflammable  body,  for  the  points  of 
matches  are  covered  with  it,  to  make  them  easily 
kindle  ? 

,  MRS.  B. 

Yes,  it  is.  It  is  seldom  discovered  in  nature  in 
a  pure  unmixed  state  ;  so  great  is  its  affinity  for 
other  substances,  that  it  is  almost  constantly  found 
combined  with  some  of  them.  It  is  most  commonly 
united  with  metals,  under  various  forms,  and  is 
separated  from  them  by  a  very  simple  process. 
It  exists,  likewise,  in  many  mineral  waters,  and 
some  vegetables  yield  it  in  various  proportions, 
especially  those  of  the  cruciform  tribe.  It  is  also 
found  in  animal  matter ;  in  short,  it  may  be  dis¬ 
covered  in  greater  or  less  quantity  in  the  mineral, 
vegetable,  and  animal  kingdom. 

EMILY. 

I  have  heard  of flowers  of  sulphur ;  are  they  the 
produce  of  any  plant  ? 

MRS.  B. 

By  no  means  :  they  consist  of  nothing  more 
than  common  sulphur,  reduced  to  a  very  fine 
powder,  by  a  process  called  sublimation .  —  You  see 
some  of  it  in  this  phial;  it  is  exactly  the  same 
substance  as  this  lump  of  sulphur,  only  its  colour 
is  a  paler  yellow,  owing  to  its  state  of  very  minute 
division. 

EMILY. 

Pray  what  is  sublimation  ? 
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MRS.  B. 

It  is  the  evaporation,  or,  more  properly  speak¬ 
ing,  the  volatilisation,  of  solid  substances,  which, 
m  cooling,  condense  again  in  a  concrete  form. 
The  process,  in  this  instance,  must  be  performed 
in  a  closed  vessel,  both  to  prevent  combustion, 
which  would  take  place  if  the  access  of  air  were 
not  carefully  precluded,  and  likewise,  in  order  to 
collect  the  substance  after  the  operation.  As  it  is 
rather  a  slow  process,  we  shall  not  try  the  experi¬ 
ment  now ;  but  you  will  understand  it  perfectly 
if  I  show  you  the  apparatus  used  for  the  purpose. 
(Plate  XI Y.  fig.  1.)  Some  lumps  of  sulphur  are 
put  into  a  receiver  of  this  kind,  which  is  called  a 
cucurbit.  Its  shape,  you  see,  somewhat  resembles 
that  of  a  pear,  and  it  is  open  at  the  top,  so  as  to 
adapt  itself  exactly  to  a  kind  of  conical  receiver  of 
this  sort,  called  the  head.  The  cucurbit,  thus 
covered  with  its  head,  is  placed  over  a  sand-bath: 
this  is  nothing  more  than  a  vessel  full  of  sand, 

•  which  is  kept  heated  by  a  furnace,  such  as  you  see 
here,  so  as  to  preserve  the  apparatus  in  a  moderate 
and  uniform  temperature.  The  sulphur  then  soon 
begins  to  melt,  and  immediately  after  this  a  thick 
white  smoke  rises,  which  is  gradually  deposited 
within  the  head  or  upper  part  of  the  apparatus, 
where  it  condenses  against  the  sides,  somewhat  in 
the  form  of  a  vegetation,  whence  it  has  obtained 
the  name  of  flowers  of  sulphur.  This  apparatus, 

which  is  called  an  alembic,  is  highly  useful  in  all 
vol.  i.  s 
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kinds  of  distillations,  as  you  will  find  when  we 
come  to  treat  of  those  operations.  Alembics  are 
not  commonly  made  of  glass,  like  this,  which  is 
applicable  only  to  distillations  upon  a  very  small 
scale.  Those  used  in  manufactories  are  usually 
made  of  copper,  and  are  considerably  larger.  The 
general  construction,  however,  is  always  the  same, 
although  their  shape  admits  of  some  variation. 

CAROLINE. 

What  is  the  use  of  that  neck,  or  tube,  which 
bends  down  from  the  upper  piece  of  the  appa¬ 
ratus  ? 

MRS.  B. 

It  is  of  use  only  in  distillations,  the  object  of 
which  is  to  evaporate,  by  heat,  in  closed  vessels, 
the  volatile  parts  of  a  compound  body,  and  to  con¬ 
dense  them  again  into  a  liquid.  This  tube  carries 
off*  the  condensed  fluid,  which  otherwise  would 
fall  back  into  the  cucurbit.  But  this  is  rather 
foreign  to  our  present  subject.  Let  us  return  to 
the  sulphur.  You  now  perfectly  understand,  I 
suppose,  what  is  meant  by  sublimation  ? 

EMILY. 

I  believe  I  do.  Sublimation  appears  to  consist 
in  destroying,  by  means  of  heat,  the  attraction  of 
aggregation  of  the  particles  of  a  solid  body,  which 
are  thus  volatilised  ;  and  as  soon  as  they  lose  the 
caloric  which  produced  that  effect,  they  are  de¬ 
posited  in  the  form  of  a  fine  powder. 
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CAROLINE. 

It  seems  to  me  to  be  somewhat  similar  to  the 
ransformation  of  water  into  vapour,  which  returns 
to  its  liquid  state  when  deprived  of  caloric. 

EMILY. 

There  is  this  difference,  however,  that  the  sul¬ 
phur  does  not  return  to  its  former  state,  since,  in- 
ad  °f  lumPs>  14  Ganges  to  a  fine  powder. 

MRS.  B. 

Chemically  speaking,  it  is  exactly  the  same  sub¬ 
stance,  whether  in  the  form  of  lump  or  powder. 

ere  is  no  more  difference  between  sulphur  in 
lumps  and  in  powder,  than  there  is  between  lump 
and  powdered  sugar ;  and  if  this  powder  be  melted 
again  y  eat,  it  will,  in  cooling,  be  restored  to 

limatiaT  ^  ^  m  W^lcil  ^  Was  before  its  sub- 

CAROLINE. 

But  if  there  be  no  real  change  produced  by  the 
sublimation  of  the  sulphur,  what  is  the  ufe  of 
that  operation  ? 

MRS.  B. 

It  divides  the  sulphur  into  very  minute  parts, 
and  thus  disposes  it  to  enter  more  readilv  into 
combination  with  other  bodies.  It  is  used  'also  as 
a  means  of  purification. 

CAROLINE. 

Sublimation  appears  to  me  like  the  beginning 
o  combustion,  for  the  completion  of  which  one 
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circumstance  only  is  wanting,  the  absorption  of 
oxygen. 

MRS.  B. 

t.  But  that  circumstance  is  every  thing.  No  es¬ 
sential  alteration  is  produced  in  sulphur  by  sub¬ 
limation  ;  whilst  in  combustion  it  combines  with 
the  oxygen,  and  forms  a  new  compound  totally 
different  in  every  respect  from  sulphur  in  its  pure 
state.  —  We  shall  now  burn  some  sulphur,  and  you 
will  see  how  very  different  the  result  will  be.  For 
this  purpose  I  put  a  small  quantity  of  flowers  of 
sulphur  into  this  cup,  and  place  it  in  a  dish,  into 
which  I  have  poured  a  little  water :  I  now  set  fire 
to  the  sulphur  with  the  point  of  this  hot  wire ;  for 
its  combustion  will  not  begin  unless  its  temperature 
be  considerably  raised.  —  You  see  that  it  burns 
with  a  faint  bluish  flame  ;  and  as  I  invert  over  it 
this  receiver,  white  fumes  arise  from  the  sulphur, 
and  fill  the  vessel.  — You  will  soon  perceive  that 
the  water  is  rising  within  the  receiver,  a  little 
above  its  level  in  the  plate.  —  Well,  Emily,  can 
you  account  for  this? 

EMILY. 

I  suppose  that  the  sulphur  has  absorbed  the 
oxygen  from  the  atmospherical  air  within  the  re¬ 
ceiver,  and  that  we  shall  find  some  oxygenated 
sulphur  in  the  cup.  As  for  the  white  smoke,  I 
am  quite  at  a  loss  to  guess  what  it  may  be. 

MRS.  B. 

Your  first  conjecture  is  very  right;  but  you  are 
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mistaken  in  the  last;  for  nothing  will  be  left  in  the 
cup.  The  white  vapour  is  the  oxygenated  sulphur, 
which  assumes  the  form  of  an  elastic  fluid  of  a 
pungent  and  offensive  smell,  and  is  a  powerful 
acid.  Here  you  see  a  chemical  combination  of 
oxygen  and  sulphur,  producing  a  gas,  which  would 
continue  such,  under  the  pressure  and  at  the  tem¬ 
perature  of  the  atmosphere,  if  it  did  not  unite 
with  the  water  in  the  plate,  to  which  it  imparts  its 
acid  taste,  and  all  its  acid  properties.  —  You  see, 

now,  with  what  curious  effects  the  combustion  of 
sulphur  is  attended. 


CAROLINE. 

This  is  something  quite  new;  and  I  confess  that 

1  do  not  perfectly  understand  why  the  sulphur 
turns  acid. 

MRS.  B. 

It  is  because  it  unites  with  oxygen,  which  is  the 
acidifying  principle.  And  indeed,  the  word  oxy- 

gen  is  derived  from  two  Greek  words  signifying  to 
produce  an  acid.  ° 

CAROLINE. 

TV  hy,  then,  is  not  water,  which  contains  such  a 
quantity  of  oxygen,  acid  ? 


fflllb.  B. 


Because  hydrogen,  which  is  the  other  consti¬ 
tuent  of  water,  is  not  susceptible  of  acidification, 
it  is  for  this  reason  that  it  forms  a  division  of  itself, 
and  is  not  placed  in  that  which  comprehends 
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bodies  capable  of  being  acidified.  I  believe  it  will 
be  necessary.,  before  we  proceed  further,  to  say  a 
few  words  on  the  general  nature  of  acids,  though 
it  is  rather  a  deviation  from  our  plan  of  examining 
the  simple  bodies  separately,  before  we  consider 

them  in  a  state  of  combination. 

* 

Acids  may  be  considered  as  a  peculiar  class  of 
burnt  bodies,  which  during  their  combustion,  or 
combination  with  oxygen,  have  acquired  very 
characteristic  properties.  They  are  chiefly  dis¬ 
cernible  by  their  sour  taste,  and  by  turning  red 
most  of  the  blue  vegetable  colours.  These  two 
properties  are  common  to  the  whole  class  of  acids  ; 
but  each  of  them  is  distinguished  by  other  peculiar 
qualities.  Every  acid  consists  of  some  particular 
substance,  (which  constitutes  its  basis,  and  is  dif¬ 
ferent  in  each,)  and  of  oxygen,  which  is  common 
to  them  all.  Oxygen  can,  however,  no  longer  be 
considered  as  the  sole  generator  of  acids:  chlorine, 
iodine,  brome,  and  fluorine,  bodies  discovered  by 
Sir  H.  Davy,  having  been  found  to  possess, 
though  in  a  much  less  degree,  the  same  property. 
The  part  they  perform  as  acidifying  principles  is, 
indeed,  so  insignificant  in  comparison  to  that  of 
oxygen,  that  we  shall  continue  to  consider  the 
latter  as  the  general,  though  no  longer  the  exclu¬ 
sive,  generator  of  acids. 

EMILY. 

But  I  do  not  clearly  see  the  difference  between 
acids  and  oxides. 
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MRS.  B. 

.  AcIds  were>  in  fact,  oxides,  which,  by  the  addi¬ 
tion  of  a  sufficient  quantity  of  oxygen,  have  been 
converted  into  acids.  For  acidification,  you  must 
observe,  always  implies  previous  oxidation,  as  a 
body  must  have  combined  with  the  quantity  of 
oxygen  requisite  to  constitute  it  an  oxide,  before 
it  can  combine  with  the  greater  quantity  which  is 
necessary  to  render  it  an  acid. 

CAROLINE. 

Are  then  all  oxides  capable  of  being  converted 
into  acids  ? 

MRS.  B. 

\  ery  far  from  it ;  it  is  only  certain  substances 
which  will  enter  into  that  peculiar  kind  of  union 
with  oxygen  that  produces  acids,  and  the  number 
of  these  is  proportionally  small;  but  all  burnt 
bodies  may  be  considered  as  belonging  either  to 
the  class  of  oxides,  or  to  that  of  acids.  At  a  future 
period  we  shall  enter  more  at  large  into  this  sub¬ 
ject.  At  piesent,  I  have  but  one  circumstance 
further  to  point  out  to  your  observation  respecting 
acids :  it  is,  that  most  of  them  are  susceptible  of 
two  degrees  of  acidification,  according  to  the  dif¬ 
ferent  quantities  of  oxygen  with  which  their  basis 
combines. 

EMILY. 

And  how  are  these  different  degrees  of  acidi¬ 
fication  distinguished  ? 
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MRS.  B. 

By  the  peculiar  properties  which  result  from 
them.  The  acid  we  have  just  made  is  the  first  or 
weakest  degree  of  acidification,  and  is  called  sul¬ 
phurous  acid  ;  if  it  were  fully  saturated  with  oxy¬ 
gen,  it  would  be  called  sulphuric  acid.  You  must 
therefore  remember  that  in  this,  as  in  all  acids, 
the  first  degree  of  acidification  is  expressed  by  the 
termination  in  ous ;  the  stronger  by  the  termi¬ 
nation  in  ic. 

CAROLINE. 

And  how  is  the  sulphuric  acid  made  ? 

MRS.  B. 

By  burning  sulphur,  over  water,  in  pure  oxygen 
gas,  and  thus  rendering  its  combustion  much  more 
complete.  I  have  provided  some  oxygen  gas  for 
this  purpose  :  it  is  in  that  bottle ;  but  we  must  first 
decant  the  gas  into  the  glass  receiver  which  stands 
on  the  shelf  in  the  bath,  and  is  full  of  water. 

CAROLINE. 

Pray  let  me  try  to  do  it,  Mrs.  B. 

MRS.  B. 

It  requires  some  little  dexterity :  hold  the  bottle 
completely  under  water,  and  do  not  turn  the 
mouth  upwards  till  it  is  immediately  under  the 
aperture  in  the  shelf,  through  which  the  gas  is  to 
pass  into  the  receiver,  and  then  turn  it  up  gradu¬ 
ally.  Y ery  well ;  you  have  only  let  a  few  bubbles 
escape,  and  that  must  be  expected  on  a  first  trial. 
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*°T  1  Sha11  Put  this  P^cc  of  sulphur  into  the 
receiver,  through  the  opening  at  the  top,  and 

introduce  along  with  it  a  small  piece  of  lighted 
tinder  to  set  fire  to  it.  This  requires  being°done 
veij  quickly,  lest  the  atmospherical  air  should  ob¬ 
tain  entrance  and  mix  with  the  pure  oxygen  gas. 

EMILY. 

How  beautifully  it  burns ! 

CAROLINE. 

Ilut  it  is  already  buried  in  the  thick  vapour, 
tins,  I  suppose,  is  sulphuric  acid  ? 

EMILY. 

Are  these  acids  always  in  a  gaseous  state  ? 

MRS.  B. 

.  Sulphurous  acid,  as  we  have  already  observed, 
is  a  permanent  gas,  and  can  be  obtained  in  a  liquid’ 
form  only  by  condensing  it  in  water.  In  its  pure 
state,  the  sulphurous  acid  is  invisible,  and  it  now 
appears  in  the  form  of  a  white  smoke,  from  its 
combining  with  the  moisture.  But  the  vapour  of 
sulphuric  acid,  which  you  have  just  seen  to  rise 
c  unng  the  combustion,  condenses  into  liquid  sul¬ 
phuric  acid,  by  losing  its  caloric.  It  appears,  how¬ 
ever,  from  Sir  H.  Davy’s  experiments,  that  this 
formation  and  condensation  of  sulphuric  acid  re¬ 
quires  the  presence  of  water,  for  which  purpose 
the  vapour  is  received  into  cold  water,  which  may 

afterwards  be  separated  from  the  acid  by  eva- 
poration. 
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Sulphur  has  hitherto  been  considered  as  a  sim¬ 
ple  substance ;  but  Sir  H.  Davy  has  suspected 
that  it  contains  a  small  portion  of  hydrogen,  and 
perhaps  also  of  oxygen. 

On  submitting  sulphur  to  the  action  of  the  Vol¬ 
taic  battery,  he  found  that  the  negative  wire  gave 
out  hydrogen ;  and  the  existence  of  hydrogen 
in  sulphur  was  rendered  still  more  probable,  by 
his  observing  that  a  small  quantity  of  water  was 
produced  during  the  combustion  of  sulphur. 

Before  we  quit  the  subject  of  sulphur,  I  must  tell 
you  that  it  is  susceptible  of  combining  with  a  great 
variety  of  substances,  and  especially  with  hydrogen, 
with  which  you  are  already  acquainted.  Hydrogen 
gas  can  dissolve  a  small  portion  of  it. 

EMILY. 

What !  can  a  gas  dissolve  a  solid  substance  ? 

MRS.  B. 

Yes ;  a  solid  substance  may  be  so  minutely 
divided  by  heat  as  to  become  soluble  in  gas ;  and 
of  this  there  are  several  instances.  But  you  must 
observe  that,  in  the  present  case,  a  chemical  union 
or  combination  of  the  sulphur  with  the  hydrogen 
gas  is  produced.  In  order  to  effect  this,  the  sul¬ 
phur  must  be  strongly  heated  in  contact  with  the 
gas  ;  the  heat  reduces  the  sulphur  to  such  a  state 
of  extreme  division,  and  diffuses  it  so  thoroughly 
through  the  gas,  that  they  combine,  and  incor- 
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porate  together.  And  as  a  proof  that  there  must 
be  a  chemical  union  between  the  sulphur  and  the 
gas,  it  is  sufficient  to  remark  that  they  are  not 
separated  when  the  sulphur  loses  the  caloric  by 
winch  it  was  volatilised.  Besides,  it  is  evident 
from  the  peculiar  fetid  smell  of  this  gas,  that  it  is 
a  new  compound,  totally  different  from  either  of  its 
constituents ;  it  is  called  sulphuretted  hydrogen  gas, 

and  is  contained  in  great  abundance  in  sulphurous 
mineral  waters. 


CAROLINE. 

Are  not  the  Harrowgate  waters  of  this  nature  ? 

MRS.  B. 

1  es  ;  they  are  naturally  impregnated  with  sul- 
p  mretted  hydrogen  gas,  and  there  are  many  other 
springs  of  the  same  kind  ;  which  shows  that  this 
gas  must  often  be  formed  in  the  bowels  of  the  earth 
by  spontaneous  processes  of  nature. 

CAROLINE. 

Then  could  not  such  waters  be  made  artificially 
by  impregnating  common  water  with  this  gas  ? 

MRS.  B. 

Tes;  they  can  be  so  well  imitated,  as  perfectly 
to  resemble  the  Harrowgate  waters. 

Sulphur  combines  likewise  with  phosphorus, 
and  with  the  alkalies  and  alkaline  earths,  sub¬ 
stances  with  which  you  are  yet  unacquainted.  We 
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cannot,  therefore,  enter  into  these  combinations 
at  present.  In  our  next  lesson  we  shall  treat  of 
phosphorus. 

EMILY. 

May  we  not  begin  that  subject  to-day?  This 
lesson  has  been  so  short. 

MRS.  B. 

I  have  no  objection,  if  you  are  not  tired.  What 
do  you  say,  Caroline  ? 

CAROLINE. 

I  am  as  desirous  as  Emily  of  prolonging  the 
lesson  to-day,  especially  as  we  are  to  enter  on  a 
new  subject ;  for  I  confess  that  sulphur  has  not 
appeared  to  me  so  interesting  as  the  other  simple 
bodies. 

MRS.  B. 

Perhaps  you  may  find  phosphorus  more  enter¬ 
taining.  You  must  not,  however,  be  discouraged 
when  you  meet  with  some  parts  of  a  study  less 
amusing  than  others ;  it  would  answer  no  good 
purpose  to  select  the  most  pleasing  parts,  since,  if 
we  did  not  proceed  with  some  method,  in  order 
to  acquire  a  general  idea  of  the  whole,  we  could 
scarcely  expect  to  take  interest  in  any  particular 
subjects. 
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Phosphorus  is  considered  as  a  simple  body; 
though,  like  sulphur,  it  has  been  suspected  of  con¬ 
taining  hydrogen.  It  was  not  known  by  the  earlier 
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chemists.  It  was  first  discovered  by  Brandt,  a  che- 

T  ,  HT.!’Urgh’  Whilst  ^Ployed  in  researches 
after  the  philosopher’s  stone;  but  the  method  of 

obtaining  it  remained  a  secret  till  it  was  a  second 

time  discovered  both  by  Kunckel  and  Boyle,  in 

tie  year  1680.  .  You  see  a  specimen  of  phosphorus 

in  t  is  phial;  it  is  generally  moulded  into  small 
sticks  of  a  yellowish  colour,  as  you  find  it  here. 

CAROLINE. 

I  do  not  understand  in  what  the  discovery  con¬ 
sisted  :  there  may  be  a  secret  mode  of  making 
an  artificial  composition ;  but  how  can  you  talk  of 
making  a  substance  which  naturally  exists  ? 

MRS.  B. 

A  body  may  exist  in  nature  so  closely  combined 
with  other  substances  as  to  elude  the  observation 
of  chemists,  or  render  it  extremely  difficult  to 
obtain  it  in  its  separate  state.  This  is  the  case 
with  phosphorus,  which  is  always  so  intimately 
combined  with  other  substances,  that  its  existence 
remained  unnoticed  till  Brandt  discovered  the 
means  of  obtaining  it  free  from  other  combinations. 

It  is  found  in  all  animal  substances,  and  is  now 
chiefly  extracted  from  bones,  by  a  chemical  pro¬ 
cess.  It  exists,  also,  in  some  jflants  which  bear  a 

strong  analogy  to  animal  matter  in  their  chemical 
composition. 

EMILY. 

But  is  it  never  found  in  its  pure  separate  state? 
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MRS.  B. 

Never;  and  this  is  the  reason  that  it  remained 
so  long  undiscovered. 

Phosphorus  is  eminently  combustible :  it  melts 
and  takes  fire  at  the  temperature  of  one  hundred 
degrees,  and  absorbs  in  its  combustion  nearly  once 
and  a  half  its  own  weight  of  oxygen. 

CAROLINE. 

What !  will  a  pound  of  phosphorus  consume  a 
pound  and  a  half  of  oxygen  ? 

MRS.  B. 

So  it  appears  from  accurate  experiments.  I 
can  show  you  with  what  avidity  it  combines  with 
oxygen,  by  burning  some  of  it  in  that  gas.  We 
must  manage  the  experiment  in  the  same  manner 
as  we  did  the  combustion  of  sulphur.  You  see 
I  am  obliged  to  cut  this  little  bit  of  phosphorus 
under  water,  otherwise  there  would  be  danger  of 
its  taking  fire  by  the  heat  of  my  fingers.  I  now 
put  it  into  the  receiver,  and  kindle  it  by  means  of 
a  hot  wire. 

EMILY. 

What  a  blaze !  I  can  hardly  look  at  it.  I  never 
saw  any  thing  so  brilliant.  Does  it  not  hurt  your 
eyes,  Caroline  ? 

CAROLINE. 

Yes;  but  still  I  cannot  help  looking  at  it.  A 
prodigious  quantity  of  oxygen  must,  indeed,  be 
absorbed,  when  so  much  light  and  caloric  are 
disengaged ! 

O  O 
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MRS.  B. 

In  the  combustion  of  a  pound  of  phosphorus, 

a  sufficient  quantity  of  caloric  is  set  free  to  melt 

upwards  of  a  hundred  pounds  of  ice:  this  has 

been  computed  by  direct  experiments  with  the 
calorimeter. 

EMILY. 

And  is  the  result  of  this  combustion,  like  that  of 
sulphur,  an  acid  ? 

MRS.  B. 

Yes ;  phosphoric  acid.  And  had  we  duly  pro¬ 
portioned  the  phosphorus  and  the  oxygen,  they 
would  have  been  completely  converted  into  phos¬ 
phoric  acid,  weighing  together,  in  this  new  state, 
exactly  the  sum  of  their  weights  separately.  The 
water  would  have  ascended  into  the  receiver,  on 
account  of  the  vacuum  formed,  and  would  have 
filled  it  entirely.  In  this  case,  as  in  the  combus¬ 
tion  of  sulphur,  the  acid  vapour  formed  is  absorbed 
and  condensed  in  the  water  of  the  receiver.  But 
when  this  combustion  is  performed  without  any 
water  or  moisture  being  present,  the  acid  then  ap¬ 
pears  in  the  form  of  concrete  whitish  flakes,  which 
are,  however,  extremely  ready  to  melt  upon  the 
least  admission  of  moisture. 

EMILY. 

.  'Does  Phosphorus,  in  burning  in  atmospherical 
air,  produce,  like  sulphur,  a  weaker  sort  of  the 
same  acid  ? 
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MRS.  B. 

No  ;  for  it  burns  in  atmospherical  air  nearly  at 
the  same  temperature  as  in  pure  oxygen  gas ;  and 
it  is  in  both  cases  so  strongly  disposed  to  combine 
with  the  oxygen,  that  the  combustion  is  perfect, 
and  the  product  similar ;  only  in  atmospherical  air, 
being  less  rapidly  supplied  with  oxygen,  the  pro¬ 
cess  is  performed  in  a  slower  manner. 

CAROLINE. 

But  is  there  no  method  of  acidifying  phosphorus 
in  a  slighter  manner,  so  as  to  form  phosphorous 
acid  ? 

MRS.  B. 

Yes,  there  is.  When  simply  exposed  to  the 
atmosphere,  phosphorus  undergoes  a  kind  of  slow 
combustion  at  any  temperature  above  zero. 

EMILY. 

Is  not  the  process  in  this  case  rather  an  oxida¬ 
tion  than  a  combustion  ?  For  if  the  oxygen  be 
too  slowly  absorbed  for  a  sensible  quantity  of  light 
and  heat  to  be  disengaged,  it  cannot  be  a  true 
combustion. 

MRS.  B. 

The  case  is  not  as  you  suppose  :  a  faint  light  is 
emitted,  which  is  very  discernible  in  the  dark ; 
but  the  heat  evolved  is  not  sufficiently  strong  to 
be  sensible  :  a  whitish  vapour  arises  from  this  com¬ 
bustion,  which,  uniting  with  water,  condenses  into 
liquid  phosphorous  acid. 
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CAROLINE. 

Is  it  not  very  singular  that  phosphorus  should 
burn  at  so  low  a  temperature  in  atmospherical  air, 
whilst  it  does  not  burn  in  pure  oxygen  without 
the  application  of  heat  ? 

MRS.  B. 

So  it  at  first  appears.  But  this  circumstance 
seems  to  be  owing  to  the  nitrogen  gas  of  the  at¬ 
mosphere.  This  gas  dissolves  small  particles  of 
phosphorus,  which,  being  thus  minutely  divided 
and  diffused  in  the  atmospherical  air,  combines 
with  the  oxygen,  and  undergoes  this  slow  com¬ 
bustion.  The  same  effect  does  not  take  place  in 
oxygen  gas,  because  it  is  not  capable  of  dissolvino- 
phosphorus  :  it  is  therefore  necessary,  in  this  case^ 
that  heat  should  be  applied  to  effect  that  division 
of  particles,  which,  in  the  former  instance,  is  pro- 
duced  by  the  nitrogen.  1 

EMILY. 

I  have  .  seen  letters  written  with  phosphorus 
which  are  invisible  by  day-light,  but  may  be  read 
m  the  dark  by  their  own  light.  They  look  as  if 

they  were  written  with  fire ;  yet  they  do  not  seem 
to  burn. 

MRS.  B. 

But  they  do  really  burn ;  for  it  is  by  their  slow 
combustion  that  the  light  is  emitted ;  and  phos¬ 
phorous  acid  is  the  result  of  this  combustion. 
Phosphorus  is  sometimes  used  as  a  test  to  esti- 

Y  OL.  I.  Ji 
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mate  the  purity  of  atmospherical  air.  For  this 
purpose  it  is  burnt  in  a  graduated  tube,  called  an 
Eudiometer  (Plate  XI Y.  fig.  2.),  and  the  propor¬ 
tion  of  oxygen  in  the  air  examined  is  deduced  from 
the  quantity  of  air  which  the  phosphorus  absorbs  ; 
for  the  phosphorus  will  absorb  the  whole  of  the 
oxygen,  and  the  nitrogen  alone  will  remain. 

EMILY. 

And  the  more  oxygen  is  contained  in  the  atmo¬ 
sphere,  the  purer,  I  suppose,  it  is  considered? 

MRS.  B. 

Certainly.  Phosphorus,  when  melted,  combines 
with  a  great  variety  of  substances.  With  sulphur 
it  forms  a  compound  so  extremely  combustible 
that  it  immediately  takes  fire  on  coming  in  con¬ 
tact  with  the  air.  It  is  with  this  composition  that 
phosphoric  matches  are  prepared,  which  kindle  as 
soon  as  they  are  taken  out  of  their  case  and  are 
exposed  to  the  air. 

EMILY. 

I  have  observed  that,  in  very  cold  weather, 
these  matches  often  will  not  take  fire  without 
being  previously  rubbed. 

MRS.  B. 

By  rubbing  them  you  raise  their  temperature  ; 
for  you  know  friction  is  one  of  the  means  of  extri¬ 
cating  heat. 
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EMILY. 

Will  phosphorus,  like  sulphur,  combine  with 
hydrogen  gas  ? 

MRS.  B. 

1  es ;  and  the  compound  gas  which  results  from 
this  combination  has  a  smell  still  more  fetid  than 
the  sulphuretted  hydrogen  ;  it  resembles  that  of 
garlic . 

The  phosphoretted  hydrogen  gas  has  this  remark¬ 
able  peculiarity,  that  it  takes  fire  spontaneously 
in  the  atmosphere,  at  any  temperature.  It  is  thus, 
probably,  that  are  produced  those  transient  flames, 
or  flashes  of  light,  called  by  the  vulgar  Will-of-the- 
Wisp ,  or,  more  properly,  Ignes  fatui ,  which  are 
often  seen  in  churchyards,  and  places  where  the 
putrefactions  of  animal  matter  exhale  phosphorus 
and  hydrogen  gas. 

CAROLINE. 

Country  people,  who  are  so  much  frightened  by 
those  appearances,  would  soon  be  reconciled  to 
them,  if  they  knew  from  what  a  simple  cause  they 
proceed. 

MRS.  B. 

There  are  other  combinations  of  phosphorus 
that  have  also  very  singular  properties,  particularly 
that  which  results  from  its  union  with  lime. 

EMILY. 

Is  there  any  name  to  distinguish  the  combin¬ 
ation  of  two  substances,  like  phosphorus  and  lime, 
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neither  of  which  is  oxygen,  and  which  cannot, 
therefore,  produce  either  an  oxide  or  an  acid  ? 

MRS.  B. 

The  names  of  such  combinations  are  composed 
from  those  of  their  ingredients  merely  by  a  slight 
change  in  their  termination.  Thus  the  combin¬ 
ation  of  sulphur  with  lime  is  called  a  sulphuret, 
and  that  of  phosphorus,  a  phosphor et  of  lime.  This 
latter  compound,  I  was  going  to  say,  has  the  sin¬ 
gular  property  of  decomposing  water,  merely  by 
being  thrown  into  it.  It  effects  this  by  absorbing 
the  oxygen  of  water,  in  consequence  of  which 
bubbles  of  hydrogen  gas  ascend,  holding  in  solu¬ 
tion  a  small  quantity  of  phosphorus. 

EMILY. 

These  bubbles,  then,  are  phosphor etted  hydrogen 
gas  ? 

MRS.  B. 

Yes  ;  and  they  produce  the  singular  appearance 
of  a  flash  of  fire  issuing  from  water,  as  the  bubbles 
kindle  and  detonate  on  its  surface,  at  the  instant 
they  come  in  contact  with  the  atmosphere. 

CAROLINE. 

Is  not  this  effect  nearly  similar  to  that  produced 
by  the  combination  of  phosphorus  and  sulphur,  or, 
more  properly  speaking,  the  phosphoret  of  sulphur  ? 

MRS.  B. 

Yes :  but  the  phenomenon  appears  more  extra¬ 
ordinary  in  this  case,  from  the  presence  of  water, 
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and  from  the  gaseous  form  of  the  combustible 
compound.  Besides,  the  experiment  surprises  by 
its  great  simplicity.  You  only  throw  a  piece  of 
phosphoret  of  lime  into  a  glass  of  water,  and 
bubbles  of  fire  immediately  issue  from  it. 

CAROLINE. 

Cannot  we  try  this  experiment? 

MRS.  B. 

Very  easily  ;  but  we  must  do  it  in  the  open  air; 
for  the  smell  of  the  phosphoretted  hydrogen  gas 
is  so  extremely  fetid,  that  it  would  be  intolerable 
in  the  house.  But  before  we  leave  the  room,  we 
may  produce,  by  another  process,  some  bubbles 
of  the  same  gas,  which  are  much  less  olfensive. 

There  is  in  this  little  glass  retort  a  solution  of 
potash  in  water ;  I  add  to  it  a  small  piece  of  phos¬ 
phorus.  We  must  now  heat  the  retort  over  the 
lamp,  after  having  engaged  its  neck  under  water 

you  see  it  begins  to  boil ;  in  a  few  minutes 
bubbles  will  appear,  which  take  fire  and  detonate 
as  they  issue  from  the  water. 

9 

CAROLINE. 

There  is  one — and  another.  How  curious  it  is ! 

But  I  do  not  understand  how  this  is  produced. 

MRS.  B. 

It  is  the  consequence  of  a  display  of  affinities 
too  complicated,  I  fear,  to  be  made  perfectly  intel¬ 
ligible  to  you  at  present. 
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In  a  few  words,  the  reciprocal  action  of  the 
potash,  phosphorus,  caloric,  and  water,  are  such, 
that  some  of  the  water  is  decomposed,  and  the 
hydrogen  gas  thereby  formed  carries  off  minute 
particles  of  phosphorus,  with  which  it  forms  phos- 
phoretted  hydrogen  gas,  a  compound  which  spon¬ 
taneously  takes  fire  at  almost  any  temperature. 

EMILY. 

What  is  that  circular  ring  of  smoke  which  slowly 
rises  from  each  bubble  after  its  detonation  ? 

MRS.  B. 

It  consists  of  water  and  phosphoric  acid  in 
vapour,  which  are  produced  by  the  combustion  of 
hydrogen  and  phosphorus. 
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CAROLINE. 

To-day,  Mrs.  B.,  I  believe  we  are  to  learn  the 
nature  and  properties  of  Carbon.  This  substance 
is  quite  new  to  me ;  I  never  heard  it  mentioned 
before. 

MRS.  B. 

Not  so  new  as  you  imagine ;  for  carbon  is  no¬ 
thing  more  than  charcoal  in  a  state  of  purity;  that 
is  to  say,  unmixed  with  any  foreign  ingredients. 

CAROLINE. 

But  charcoal  is  made  by  art,  Mrs.  B.,  and  how 
can  a  body  consisting  of  one  simple  substance  be 
fabricated  ? 


MRS.  B. 

You  again  confound  the  idea  of  making  a 
simple  body,  with  that  of  separating  it  from  a 
compound.  The  chemical  processes  by  which  a 
simple  body  is  obtained  in  a  state  of  purity  con¬ 
sist  in  unmaking  the  compound  in  which  it  is 
contained,  in  order  to  separate  from  it  the  simple 
substance  in  question.  The  method  by  which 
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charcoal  is  usually  obtained,  is,  indeed,  commonly 
called  mahing  it ;  but,  upon  examination,  you  will 
find  this  process  to  consist  simply  in  separating  it 
from  other  substances  with  which  it  is  found  com¬ 
bined  in  nature. 

Carbon  forms  a  considerable  part  of  the  solid 
matter  of  all  organised  bodies;  but  it  is  most 
abundant  in  the  vegetable  creation,  and  is  chiefly 
obtained  from  wood.  When  the  oil  and  water 
(which  are  other  constituents  of  vegetable  matter) 
are  evaporated,  the  black,  porous,  brittle  substance 

that  remains,  is  charcoal. 

/ 

CAEOLINE. 

But  if  heat  be  applied  to  the  wood  in  order  to 
evaporate  the  oil  and  water,  will  not  the  temper¬ 
ature  of  the  charcoal  be  raised  so  as  to  make  it 
burn ;  and  if  it  combines  with  oxygen,  can  we  any 
longer  call  it  pure  ? 

MES.  B. 

I  was  going  to  add,  that,  in  this  operation,  the 
air  must  be  excluded. 

CAEOLINE. 

How  then  can  the  vapour  of  the  oil  and  water 
fly  off? 

MES.  B. 

In  order  to  produce  charcoal  in  its  purest  state, 
(which  is,  even  then,  but  a  less  imperfect  sort  of 
carbon,)  the  operation  should  be  performed  in  an 
earthen  retort.  Heat  being  applied  to  the  body 
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of  the  retort,  the  evaporable  part  of  the  wood  will 
escape  through  its  neck,  into  which  no  air  can 
penetrate  as  long  as  the  heated  vapour  continues 
to  fill  it.  And  if  it  be  wished  to  collect  these 
\olatile  products  of  the  wood,  this  can  easily  be 
done  by  introducing  the  neck  of  the  retort  into 
the  water-bath  apparatus,  with  which  you  are  ac¬ 
quainted.  But  the  preparation  of  common  char¬ 
coal,  such  as  is  used  in  kitchens  and  manufactures, 
is  performed  on  a  much  larger  scale,  and  by  an 
easier  and  less  expensive  process. 

EMILY. 

I  lme  seen  the  process  of  making  common 
charcoal.  The  wood  is  ranged  on  the  ground  in  a 
pile  of  a  pyramidical  form,  with  a  fire  underneath  ; 
the  whole  being  covered  with  clay,  and  a  few  holes 
only  left  for  the  circulation  of  air. 

MRS.  B. 

These  holes  are  closed  as  soon  as  the  wood  is 
fandy  lighted,  so  that  the  combustion  is  checked, 
and  continues  in  a  very  imperfect  manner;  but 
the  heat  produced  by  it  is  sufficient  to  force  out 
and  volatilise,  through  the  earthy  cover,  most 
Part  of  the  oily  and  watery  principles  of  the  wood, 
although  it  cannot  reduce  it  to  ashes. 

EMILY. 

Is  pure  carbon  as  black  as  charcoal  ? 

MRS.  B. 

The  purest  carbon  we  can  prepare  is  so ;  but 
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chemists  have  never  yet  been  able  to  separate  it 
entirely  from  hydrogen.  Sir  H.  Davy  says  that 
the  most  perfect  carbon  prepared  by  art  contains 
about  five  per  cent,  of  hydrogen :  he  is  of  opinion, 
that  if  we  could  obtain  it  quite  free  from  foreign 
ingredients,  it  would  be  metallic,  in  common  with 
other  simple  substances. 

But  there  is  a  form  under  which  charcoal  ap¬ 
pears,  which  will  surprise  you.  — This  ring  I  wear 
on  my  finger  owes  its  brilliancy  to  a  small  piece 
of  carbon. 

CAROLINE. 

Surely  you  are  jesting,  Mrs.  B.  —  I  thought 
your  ring  was  diamond  ? 

MRS.  B. 

It  is  so.  But  diamond  is  nothing  more  than 
carbon  in  a  crystallised  state. 

EMILY. 

That  is  astonishing  !  Is  it  possible  to  see  two 
things  apparently  more  different  than  diamond 
and  charcoal?  It  is  curious  to  think  that  we 
adorn  ourselves  with  jewels  of  charcoal ! 

MRS.  B. 

There  are  many  other  substances,  consisting 
chiefly  of  carbon,  that  are  remarkably  white. 
Cotton,  for  instance,  is  almost  wholly  carbon. 

CAROLINE. 

That,  I  own,  I  could  never  have  imagined  !  — 
But  pray,  Mrs.  B.,  since  it  is  known  of  what  sub- 
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stance  diamond  and  cotton  are  composed,  why 
should  they  not  be  manufactured,  or  imitated,  by 
some  chemical  process,  which  would  render  them 
much  cheaper,  and  more  plentiful  than  the  present 
mode  of  obtaining  them  ? 

MRS.  B. 

On  this  principle  you  might  as  well,  my  dear, 
propose  that  we  should  make  flowers  and  fruit, 
naj,  perhaps  even  animals,  by  a  chemical  process  ; 
for  it  is  known  of  what  these  bodies  consist,  since 
every  thing  which  we  are  acquainted  with  in  na¬ 
ture  is  formed  from  the  various  simple  substances 
that  we  have  enumerated.  But  you  must  not 
suppose  that  a  knowledge  of  the  component  parts 
of  a  body  will  in  every  case  enable  us  to  imitate 
it.  It  is  much  less  difficult  to  decompose  bodies, 
and  discover  of  what  materials  they  are  made, 
than  it  is  to  recompose  them.  The  first  of  these 
processes  iscalledanoh/sM,thc  last  synthesis.  When 
we  are  able  to  ascertain  the  nature  of  a  substance 
by  both  these  methods,  so  that  the  result  of  one 
operation  confirms  that  of  the  other,  we  obtain 

the  most  complete  knowledge  of  it  that  we  are 
capable  of  acquiring. 

CAROLINE. 

That  is  to  say,  you  can  take  the  body  to  pieces 
and  put  it  together  again. 

MRS.  B. 

True;  this  is  the  case  with  water,  with  the 
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atmosphere,  with  most  of  the  oxides,  acids,  and 
neutral  salts,  and  with  many  other  compounds. 
But  the  more  complicated  combinations  of  nature, 
even  in  the  mineral  kingdom,  are  in  general  beyond 
our  reach,  and  any  attempt  to  imitate  organised 
bodies  must  ever  prove  fruitless ;  their  formation 
is  a  secret  which  rests  in  the  bosom  of  the  Creator. 
You  see,  therefore,  how  vain  it  would  be  to  attempt 
to  make  cotton  by  chemical  means.  But,  surely, 
we  have  no  reason  to  regret  our  inability  in  this 
instance,  when  nature  has  so  clearly  pointed  out 
a  method  of  obtaining  it  in  perfection  and  abun¬ 
dance. 

CAROLINE. 

I  did  not  imagine  that  the  principle  of  life  could 
be  imitated  by  the  aid  of  chemistry  ;  but  I  thought 
that  perhaps  chemists  might  attain  a  perfect  imi¬ 
tation  of  inanimate  nature. 

MRS.  B. 

They  have  succeeded  in  this  point  in  a  variety 
of  instances  ;  but,  as  you  justly  observe,  the  prin¬ 
ciple  of  life,  or  even  the  minute  and  intimate 
organisation  of  the  vegetable  kingdom,  are  secrets 
which  have  almost  entirely  eluded  the  researches 
of  philosophers  ;  nor  do  I  imagine  that  human  art 
will  ever  be  capable  of  investigating  them  with 
complete  success. 

EMILY. 

But  diamond,  since  it  consists  of  one  simple, 
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unorganised  substance,  might  be,  one  would  think 
perfectly  imitable  by  art  ? 

MRS.  B. 

It  is  sometimes  as  much  beyond  our  power  to 
obtain  a  simple  body  in  a  state  of  perfect  purity 
as  it  is  to  imitate  a  complicated  combination ;  for 
the  operations  by  which  nature  separates  bodies 
are  frequently  as  inimitable  as  those  which  she 
uses  for  their  combination.  This  is  the  case  with 
caibon;  all  the  efforts  of  chemists  to  separate  it 
entirely  from  other  substanees  have  proved  fruit¬ 
less^  and  in  the  purest  state  in  which  it  can  be 
obtained  by  art,  it  still  retains  a  portion  of  hydro 
gen,  and  probably  of  some  other  foreign  ingre¬ 
dients.  We  are  ignorant  of  the  means  which 
nature  employs  to  crystallise  it.  It  may  possibly 
be  the  work  of  ages,  to  purify,  arrange,  and  unite 
the  particles  of  carbon  in  the  form  of  diamond.  Here 
is  some  charcoal  in  the  purest  state  in  which  we  can 
procure  it ;  you  see  that  it  is  a  very  black,  brittle, 
light,  porous  substance,  entirely  destitute  of  either 
taste  or  smell.  Heat,  without  air,  produces  no 
alteration  in  it,  as  it  is  not  volatile ;  but,  on  the 
contrary,  it  invariably  remains  at  the  bottom  of 
the  vessel  after  all  the  other  parts  of  the  vegetable 
are  evaporated. 

EMILY. 

1  et  carbon  is,  no  doubt,  combustible,  since  you 
say  that  charcoal  would  absorb  oxygen  if  air  were 
admitted  during  its  preparation  ? 
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CAROLINE. 

Unquestionably.  Besides,  you  know,  Emily, 
how  much  it  is  used  in  cooking.  But  pray  what 
is  the  reason  that  charcoal  burns  without  smoke, 
whilst  a  wood  fire  smokes  so  much  ? 

MRS.  B. 

Because,  in  the  conversion  of  wood  into  char¬ 
coal,  the  volatile  particles  of  the  former  have  been 
evaporated. 

CAROLINE. 

Yet  I  have  frequently  seen  charcoal  burn  with 
flame  ;  therefore  it  must  in  that  case  contain  some 
hydrogen. 

MRS.  B. 

You  should  recollect  that  charcoal,  especially 
that  which  is  used  for  common  purposes,  is  not 
pure.  It  retains  some  remains  of  the  various 
other  component  parts  of  vegetables,  and  hydro¬ 
gen,  particularly,  which  accounts  for  the  flame  in 
question. 

CAROLINE. 

But  what  becomes  of  the  carbon  itself  during 
its  combustion  ? 

MRS.  B. 

It  gradually  combines  with  the  oxygen  of  the 
atmosphere,  in  the  same  way  as  sulphur  and  phos¬ 
phorus  ;  and,  like  those  substances,  it  is  converted 
into  a  peculiar  acid,  which  flies  off  in  a  gaseous 
form.  The  nature  of  this  acid  was  first  ascertained 
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by  Dr.  Black,  of  Edinburgh ;  and,  before  the  in¬ 
troduction  of  the  new  nomenclature,  it  was  called 
fixed  air.  It  is  now  distinguished  by  the  more 
appropriate  name  of  carbonic  acid  gas. 

EMILY. 

Carbon,  then,  can  be  volatilised  by  burning, 
t  lough  by  heat  alone  no  such  effect  is  produced 


MRS.  B. 

1  Pf’  ^ut  ,then  ;t  is  110  lQ11ger  simple  carbon,  but 
an  acid  of  which  carbon  forms  the  basis.  In  this 
state  carbon  retains  no  more  appearance  of  soliditv 
or  corporeal  form  than  the  basis  of  any  other  gas 
And  you  may,  I  think,  from  this  instance,  derive 
a  more  clear  idea  of  the  basis  of  the  oxygen  hy- 
c  rogen,  and  nitrogen  gases,  the  existence  of  which 
as  real  bodies,  you  seemed  to  doubt,  because 
iey  were  not  to  be  obtained  simply  in  a  solid 


EMILY. 

That  is  true  :  we  may  conceive  the  basis  of  the 
oxygen,  and  of  the  other  gases,  to  be  solid,  heavy 
substances,  like  carbon ;  but  so  much  expanded 
y  caloric  as  to  become  invisible. 


CAROLINE. 

But  does  not  the  carbonic  acid 
the  blackness  of  charcoal  ? 


gas  partake  of 


MRS.  B. 

Not  in  the  least.  Blackness,  you  know,  does 
not  appear  to  be  essential  to  carbon,  and  it  is  pure 
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carbon,  and  not  charcoal,  that  we  must  consider  as 
the  basis  of  carbonic  acid.  We  shall  make  some 
carbonic  acid,  and,  in  order  to  hasten  the  process, 
we  shall  burn  the  carbon  in  oxygen  gas. 

EMILY. 

But  do  you  mean,  then,  to  burn  diamond? 

MRS.  B. 

Charcoal  will  answer  the  purpose  still  better, 
being  softer  and  more  easy  to  inflame;  besides,  the 
experiments  on  diamond  are  rather  too  expensive. 

CAROLINE. 

But  is  it  possible  to  burn  diamond  ? 

MRS.  B. 

Yes,  it  is;  and,  in  order  to  effect  this  combustion, 
nothing  more  is  required  than  to  apply  a  sufficient 
degree  of  heat  by  means  of  the  blow-pipe,  and  of  a 
stream  of  oxygen  gas.  Indeed  it  is  by  burning 
diamond  that  its  chemical  nature  has  been  ascer¬ 
tained.  It  has  long  been  known  as  a  combustible 
substance,  but  it  is  within  these  thirty  years  that 
the  product  of  its  combustion  has  been  proved  to 
be  pure  carbonic  acid.  This  remarkable  discovery 
is  due  to  Mr.  Tennant. 

Now  let  us  try  to  make  some  carbonic  acid.  — 
Will  you,  Emily,  decant  some  oxygen  gas  from 
.  this  large  jar  into  the  receiver  in  which  we  are  to 
burn  the  carbon  ?  and  I  shall  introduce  this  small 
piece  of  charcoal,  with  a  little  lighted  tinder,  which 
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will  be  necessary  to  give  the  first  impulse  to  the 
combustion. 

EMILY. 

I  cannot  conceive  how  so  small  a  piece  of  tinder, 
and  that  hut  just  lighted,  can  raise  the  temperature 
of  the  carbon  sufficiently  to  set  fire  to  it ;  for  it 
can  produce  scarcely  any  sensible  heat,  and  it 
hardly  touches  the  carbon. 


MRS.  B. 

The  tinder  thus  kindled  has  only  heat  enough 
to  begin  its  own  combustion,  which,  however,  soon 
becomes  so  rapid  in  the  oxygen  gas,  as  to  raise 
the  temperature  of  the  charcoal  sufficiently  for  this 
to  burn  likewise,  as  you  see  is  now  the  case. 

EMILY. 

I  am  surprised  that  the  combustion  of  carbon  is 
not  more  brilliant :  it  does  not  give  out  nearly  so 
much  light,  or  caloric  as  phosphorus  or  sulphur. 
1  et  since  it  combines  with  so  much  oxygen,  why 
is  not  a  proportional  quantity  of  light  and  heat 
disengaged  from  the  decomposition  of  the  oxygen 

gas,  and  the  union  of  its  electricity  with  that  of 
the  charcoal  ? 

MRS.  B. 

It  is  not  surprising  that  less  light  and  heat  should 
be  liberated  in  this  than  in  almost  any  other  com¬ 
bustion,  since  the  oxygen,  instead  of  entering  into 
a  solid  or  liquid  combination,  as  it  does  in  the 
phosphoric  and  sulphuric  acids,  is  employed  in 
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forming  another  elastic  fluid;  it  therefore  parts 
with  less  of  its  caloric. 

EMILY. 

True  ;  and,  on  further  reflection,  it  appears,  on 
the  contrary,  surprising  that  the  oxygen  should, 
in  its  combination  with  carbon,  retain  a  sufficient 
portion  of  caloric  to  maintain  both  substances  in  a 
gaseous  state. 

CAROLINE. 

We  may  then  judge  of  the  degree  of  solidity  in 
which  oxygen  is  combined  in  a  burnt  body,  by 
the  quantity  of  caloric  liberated  during  its  com¬ 
bustion  ? 

MRS.  B. 

Yes ;  provided  that  you  take  into  the  account 
the  quantity  of  oxygen  absorbed  by  the  combus¬ 
tible  body,  and  observe  the  proportion  which  the 
caloric  bears  to  it. 

CAROLINE. 

But  why  should  the  water,  after  the  combustion 
of  carbon,  rise  in  the  receiver,  since  the  gas  within 
it  retains  an  aeriform  state  ? 

MRS.  B. 

Because  the  carbonic  acid  gas  is  gradually  ab¬ 
sorbed  by  the  water;  and  this  effect  would  be 
promoted  by  shaking  the  receiver. 

EMILY. 

The  charcoal  is  now  extinguished,  though  it  is 
not  nearly  consumed;  it  has  such  an  extraordinary 
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avidity  for  oxygen,  I  suppose,  that  the  receiver 
aid  not  contain  enough  to  satisfy  the  whole. 


MKS.  B. 

That  is  certainly  the  case;  for  if  the  combustion 
were  performed  in  the  exact  proportions  of  28  parts 
of  carbon  to  72  of  oxygen,  both  these  ingredients 
would  disappear,  and  100  parts  of  carbonic  acid 
would  be  produced. 


CAROLINE. 

Carbonic  acid  must  be  a  very  strong  acid,  since 
it  contains  so  great  a  proportion  of  oxygen  ? 

MRS.  B, 

That  is  a  very  natural  inference :  yet  it  is  erro¬ 
neous  ,  for  the  carbonic  is  the  weakest  of  all  the 
acu  s.  The  strength  of  an  acid  seems  to  depend 
upon  the  nature  of  its  basis,  and  its  mode  of  com- 
mation,  as  well  as  upon  the  proportion  of  the 
acidifying  principle.  The  same  quantity  of  oxy¬ 
gen  which  will  convert  some  bodies  into  strono- 

acids,  will  be  only  sufficient  simply  to  oxidate 
others. 


CAROLINE. 

Since  this  acid  is  so  weak,  I  think  chemists 

s  ould  have  called  it  the  carbonous,  instead  of  the 
carbonic  acid. 


EMILY. 

But,  I  suppose,  the  carbonous  acid  is  still  weaker 

and  is  formed  by  burning  carbon  in  atmospherical 
air. 
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MRS.  B. 

It  has  been  lately  discovered,  that  carbon  may 
be  converted  into  a  gas,  by  uniting  with  a  smaller 
proportion  of  oxygen ;  but  as  this  gas  does  not 
possess  any  acid  properties,  it  is  no  more  than  an 
oxide  :  it  is  called  gaseous  oxide  of  carbon. 

CAROLINE. 

Carbonic  acid  must  be  a  very  w'holesome  gas 
to  breathe,  as  it  contains  so  much  oxygen  ? 

MRS.  B. 

On  the  contrary,  it  is  extremely  pernicious. 
Oxygen,  when  in  a  state  of  combination  with  other 
substances,  loses,  in  almost  every  instance,  its  re¬ 
spirable  properties,  and  the  salubrious  effects  which 
it  has  on  the  animal  economy  when  in  its  uncon¬ 
fined  state.  Carbonic  acid  is  not  only  unfit  for 
respiration,  but  extremely  deleterious  if  taken  into 
the  lungs. 

EMILY. 

You  know',  Caroline,  how  very  unwholesome 
the  fumes  of  burning  charcoal  are  reckoned. 

CAROLINE. 

Yes ;  but,  to  confess  the  truth,  I  did  not  con¬ 
sider  that  a  charcoal  fire  produced  carbonic  acid 
gas.  Can  this  gas  be  condensed  into  a  liquid  ? 

MRS.  B. 

No :  for,  as  I  told  you  before,  it  is  a  permanent 
elastic  fluid.  But  water  can  absorb  a  certain  quan¬ 
tity  of  this  gas,  and  can  even  be  impregnated  with 
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it,  in  a  very  strong  degree,  by  the  assistance  of 
agitation  and  pressure,  as  I  am  going  to  show  you. 
I  shall  decant  some  carbonic  acid  gas  into  this 
bottle,  which  I  fill  first  with  water,  in  order  to  ex¬ 
clude  the  atmospherical  air  ;  the  gas  is  then  intro¬ 
duced  through  the  water,  which  you  see  it  displaces, 
for  it  will  not  mix  with  it  in  any  quantity  unless 
strongly  agitated,  or  allowed  to  stand  over  it  for 
some  time.  The  bottle  is  now  about  half  full  of 
carbonic  acid  gas,  and  the  other  half  is  still  occu¬ 
pied  by  the  water.  By  corking  the  bottle,  and 
then  violently  shaking  it,  in  this  way,  I  can  mix 

the  gas  and  water  together.  Now  will  you  taste 
it? 

EMILY. 

It  has  decidedly  an  acid  taste,  and  appears  full 
of  little  bubbles. 

MRS.  B. 

It  possesses  likewise  all  the  other  properties  of 
acids,  but,  of  course,  in  a  less  degree  than  the 
pure  carbonic  acid  gas,  as  it  is  so  much  diluted  by 
water. 

This  is  a  kind  of  artificial  Seltzer  water.  By 
analysing  that  which  is  produced  by  nature,  it  was 
found  to  contain  scarcely  any  thing  more  than 
common  water  impregnated  with  a  certain  pro- 
poition  of  carbonic  acid  gas.  "We  are,  therefore, 
able  to  imitate  it,  by  mixing  those  proportions  of 
water  and  carbonic  acid.  Here,  my  dear,  is  an 
instance  in  which,  by  a  chemical  process,  we  can 
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exactly  copy  the  operations  of  nature;  for  the 
artificial  Seltzer  waters  can  he  made  in  every 
respect  similar  to  those  of  nature ;  in  one  point, 
indeed,  the  former  have  an  advantage,  since  they 
may  be  prepared  stronger  or  weaker,  as  occasion 
requires. 

CAROLINE. 

I  thought  I  had  tasted  such  water  before.  But 
what  renders  it  so  brisk  and  sparkling  ? 

MRS.  B. 

This  sparkling,  or,  more  correctly  speaking, 
effervescence,  is  always  occasioned  by  the  action 
of  an  elastic  fluid  escaping  from  a  liquid ;  in  the 
artificial  Seltzer  water,  it  is  produced  by  the  car¬ 
bonic  acid,  which,  being  lighter  than  the  water  in 
which  it  was  strongly  condensed,  flies  off  with 
great  rapidity  the  instant  the  bottle  is  uncorked ; 
it  is  therefore  necessary  to  drink  it  immediately. 
The  bubbling  which  took  place  in  this  bottle  was 
but  trifling,  as  the  water  was  but  very  slightly  im¬ 
pregnated  with  carbonic  acid.  It  requires  a  par¬ 
ticular  apparatus  to  prepare  the  gaseous  artificial 
mineral  waters. 

EMILY. 

If,  then,  a  bottle  of  Seltzer  water  remain  for 
any  length  of  time  uncorked,  I  suppose  it  returns 
to  the  state  of  common  water. 

MRS.  B. 

The  whole  of  the  carbonic  acid  gas,  or  very 
nearly  so,  will  soon  disappear ;  but  there  is  like- 
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wise  in  Seltzer  water  a  small  quantity  of  soda, 
and  of  a  few  other  saline  or  earthy  ingredients, 
which  will  remain  in  the  water,  though  it  should 
be  kept  uncorked  for  any  length  of  time. 

CAROLINE. 

Pray  what  kind  of  water  is  soda  water,  which  is 
so  much  drunk  ? 

MRS.  B. 

It  very  much  resembles  Seltzer  water,  holding 
m  solution,  besides  the  gaseous  acid,  a  particular 
saline  substance,  called  soda,  which  imparts  to  the 
water  certain  medicinal  qualities. 

CAROLINE. 

But  how  can  these  waters  be  so  wholesome,  since 
carbonic  acid  is  so  pernicious  ? 

MRS.  B. 

A  gas,  though  very  prejudicial  to  breathe,  may 
be  beneficial  to  the  stomach.  —  But  it  would  be 
of  no  use  to  attempt  explaining  this  more  fully  at 
present. 

CAROLINE. 

Are  waters  never  impregnated  with  other  gases  ? 

MRS.  B. 

es ;  there  are  several  kinds  of  gaseous  waters. 
Waters  have,  also,  been  prepared,  impregnated 
both  with  oxygen  and  hydrogen  gases.  These 
are  not  an  imitation  of  nature,  but  are  altogether 

o 

obtained  by  artificial  means. 
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EMILY 

If  I  recollect  right,  Mrs.  B.,  you  told  us  that 
carbon  was  capable  of  decomposing  water ;  the 
affinity  between  oxygen  and  carbon  must,  there¬ 
fore,  be  greater  than  between  oxygen  and  hy¬ 
drogen. 

MRS.  B. 

Yes  ;  but  this  is  not  the  case,  unless  their  tem¬ 
perature  be  raised  to  a  certain  degree.  It  is  only 
when  carbon  is  red-hot,  that  it  is  capable  of  sepa¬ 
rating  the  oxygen  from  the  hydrogen.  Thus,  if 
a  small  quantity  of  water  be  thrown  on  a  red-hot 
fire,  it  will  increase  rather  than  extinguish  the 
combustion  ;  for  the  coals  or  wood  (both  of  which 
contain  a  quantity  of  carbon)  decompose  the  water, 
and  thus  supply  the  fire  both  with  oxygen  and 
hydrogen  gases.  If,  on  the  contrary,  a  large  mass 
of  water  be  thrown  over  the  fire,  the  diminution 
of  heat  produced  is  such,  that  the  combustible 
matter  loses  the  power  of  decomposing  the  water, 
and  the  fire  is  extinguished. 


EMILY. 

I  have  heard  that  fire-engines  sometimes  do 
more  harm  than  good,  by  increasing  the  fire  when 
they  cannot  throw  water  enough  to  extinguish 
it.  This  must  be  owing,  no  doubt,  to  the  decom¬ 
position  of  the  water  by  the  carbon  during  the 
conflagration. 

O 
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MRS.  B. 

Certainly.  —  The  apparatus  which  you  see  here 
(Plate  XI Y.  fig.  3.)  may  be  used  to  exemplify 
what  we  have  just  said.  It  consists  in  a  kind  of 
open  furnace,  through  which  a  porcelain  tube, 
containing  charcoal,  passes.  To  one  end  of  the 
tube  is  adapted  a  glass  retort  with  water  in  it ; 
and  the  other  end  communicates  with  a  receiver 
placed  on  the  water-bath.  A  lamp  being  applied 
to  the  retort,  and  the  water  made  to  boil,  the 
vapour  is  gradually  conveyed  through  the  red-hot 
charcoal,  by  which  it  is  decomposed,  and  the  hy- 
di  ogen  gas,  which  results  from  this  decomposition, 
is  collected  in  the  receiver.  But  the  hydrogen 
thus  produced  is  far  from  being  pure ;  it  retains 
in  solution  a  minute  portion  of  carbon,  and  con¬ 
tains  also  a  quantity  of  carbonic  acid.  This  ren¬ 
ders  it  heavier  than  pure  hydrogen  gas,  and  gives 
it  some  peculiar  properties :  it  is  distinguished  by 
the  name  of  carbonated  hydrogen  gas. 

CAROLINE. 

And  whence  does  it  obtain  the  carbonic  acid 
which  is  mixed  with  it  ? 

EMILY. 

I  believe  I  can  answer  that  question,  Caroline. 

Fiom  the  union  of  the  oxygen  (proceeding  from 
the  decomposed  water)  with  the  carbon,  which, 
you  know,  makes  carbonic  acid. 
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CAROLINE. 

True ;  I  should  have  recollected  that.  —  The 
product  of  the  decomposition  of  water  by  red-hot 
charcoal,  therefore,  is  carbonated  hydrogen  gas, 
and  carbonic  acid  gas. 

MRS.  B. 

You  are  perfectly  right  now. 

Carbon  is  frequently  found  combined  with  hy¬ 
drogen  in  a  state  of  solidity,  especially  in  coals, 
which  owe  their  combustible  nature  to  these  two 
principles. 

EMILY. 

Is  it  the  hydrogen,  then,  that  produces  the  flame 
of  coals? 

MRS.  B. 

Yes ;  and  when  all  the  hydrogen  is  consumed, 
the  carbon  continues  to  burn  without  flame.  But 
as  I  said  before,  when  speaking  of  the  gas  lights, 
the  hydrogen  gas  produced  by  the  burning  of 
coals  is  not  pure ;  for,  during  the  combustion, 
jiarticles  of  carbon  are  successively  volatilised  with 
the  hydrogen,  with  which  they  form  what  is  called 
a  hydro-carbonate ,  which  is  the  principal  product 
of  this  combustion. 

A  new  mode  has  been  recently  discovered  of 
producing  a  brilliant  light,  at  a  very  cheap  rate. 
It  is  by  the  action  of  the  Voltaic  battery.  When 
the  electric  current  of  the  battery  is  discharged 
between  two  points  of  charcoal  acting  as  poles,  it 
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produces  an  intense  light,  either  in  air  or  in  vacuo. 
.Air.  Bunsen  has  constructed  very  cheap  batteries, 
formed  of  coke,  zinc,  and  nitric  and  sulphuric 
acids.  He  places  the  points  of  charcoal  in  a  globe 
of  glass,  to  prevent  combustion,  having  previously 
dipped  them  in  a  solution  of  sulphate  of  soda,  to 
pi  event  alteration:  the  electric  current  being  then 
established  in  a  battery  of  44  pair  of  plates,  a  light 
is  pioduced  equal  to  1 171*3  wax  candles. 

EMILY. 

I  do  not  wonder  at  this  light  being  brilliant : 
t  ie  electric  current  is  always  so  ;  but  I  wonder  at 
its  being  cheap  if  kept  up  any  length  of  time. 

MBS.  B. 

The  consumption  of  zinc,  which  is  the  most  ex¬ 
pensive  part,  was  one  pound  an  hour,  and  the  light 
was  so  strong  that  hand-writing  could  be  read°at 
1000  yards  from  the  focus. 

In  another  experiment  Air.  Bunsen  produced  a 
light  which  lasted  during  an  hour,  consuming  only 
10  oz.  of  zinc,  a  pound  of  sulphuric  acid,  and  one 
and  a  half  of  nitiic  acid ;  a  much  less  expensive 
mode  of  producing  so  powerful  a  light  than  any 
that  has  hitherto  been  used.  This  process  has 
already  been  tried  for  the  purpose  of  lighting  large 
buildings ;  but  its  most  useful  application  will  be 
m  the  collieries,  as  it  cannot  set  fire  to  explosive 
gas.  But  to  return  to  our  subject. 

Carbon  is  a  very  bad  conductor  of  heat ;  for 
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this  reason,  it  is  employed  (in  conjunction  with 
other  ingredients)  for  coating  furnaces  and  other 
chemical  apparatus. 

EMILY. 

Pray  what  is  the  use  of  coating  furnaces  ? 

MRS.  B. 

In  most  cases  in  which  a  furnace  is  used  it  is 
necessary  to  produce  and  preserve  a  great  degree 
of  heat,  for  which  purpose  every  possible  means 
is  devised  to  prevent  the  heat  from  escaping  by 
communicating  with  other  bodies  ;  and  this  object 
is  attained  by  coating  over  the  inside  of  the  fur¬ 
nace  with  a  kind  of  plaster,  composed  of  materials 
which  are  bad  conductors  of  heat. 

Carbon,  combined  with  a  small  quantity  of  iron, 
forms  a  compound  called  plumbago,  or  black- 
lead,  of  which  pencils  are  made.  This  substance, 
agreeably  to  the  nomenclature,  is  a  carburet  of 
iron. 

EMILY. 

Why,  then,  is  it  called  black-lead  ? 

MRS.  B. 

It  is  an  ancient  name  which  it  acquired  from  its 
shining  metallic  appearance  :  but  it  is  certainly  a 
most  improper  one,  as  there  is  not  a  particle  of 
lead  in  the  composition.  There  is  only  one  mine 
of  this  mineral,  which  is  in  Cumberland.  It  is 
supposed  to  approach  as  nearly  to  pure  carbon  as 
the  best  prepared  charcoal  does,  as  it  contains  only 
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five  parts  of  iron,  unadulterated  by  any  other 
foreign  ingredients.  There  is  another  carburet  of 
iron,  in  which  the  iron,  though  united  only  to  an 
extremely  small  proportion  of  carbon,  acquires 
very  remarkable  properties :  this  is  steel. 

CAROLINE. 

Really ;  and  yet  steel  is  much  harder  than  iron? 

MRS.  B. 

But  carbon  is  not  ductile,  like  iron,  and,  there¬ 
fore,  may  render  the  steel  more  brittle,  and  pre¬ 
vent  its  bending  so  easily.  Whether  it  is  that  the 
carbon,  by  introducing  itself  into  the  pores  of  the 
iron,  and,  by  filling  them,  makes  the  metal  both 
harder  and  heavier ;  or  whether  this  change  de¬ 
pends  upon  some  chemical  cause,  I  cannot  pre¬ 
tend  to  decide.  But  there  is  a  subsequent  oper¬ 
ation,  by  which  the  hardness  of  steel  is  very  much 
increased,  which  simply  consists  in  heating  the 
steel  till  it  is  red-hot,  and  then  plunging  it&  into 
cold  water. 

Oai  bon,  besides  the  combination  just  mentioned, 
enters  into  the  composition  of  a  vast  number  of 
natural  productions ;  such,  for  instance,  as  the 
several  kinds  of  oils,  which  result  from  the  com¬ 
bination  of  carbon,  hydrogen,  and  caloric,  in 
various  proportions. 

EMILY. 

I  thought  that  carbon,  hydrogen,  and  caloric 
formed  carbonated  hydrogen  gas. 
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MRS.  B. 

That  is  the  case  when  a  small  portion  of  car¬ 
bonic  acid  gas  is  held  in  solution  by  hydrogen  gas. 
Different  proportions  of  the  same  principles,  to¬ 
gether  with  the  circumstances  of  their  union,  pro¬ 
duce  very  different  combinations  ;  of  this  you  will 
see  innumerable  examples.  Besides,  we  are  not 
now  talking  of  gases,  but  of  carbon  and  hydrogen, 
combined  only  with  a  quantity  of  caloric  sufficient 
to  bring  them  to  the  consistency  of  oil  or  fat. 

CAROLINE. 

But  oil  and  fat  are  not  of  the  same  consistence  ? 

MRS.  B. 

Fat  is  only  congealed  oil ;  or  oil,  melted  fat. 
The  one  requires  a  little  more  heat  to  maintain  it 
in  a  fluid  state  than  the  other.  Have  you  never 
observed  the  fat  of  meat  turned  to  oil  by  the  ca¬ 
loric  it  has  imbibed  from  the  fire  ? 

EMILY. 

Yet  oils  in  general,  as  salad  oil,  and  lamp  oil, 
do  not  turn  to  fat  when  cold. 

MRS.  B. 

No ;  because  they  contain  too  much  caloric  to 
congeal  at  the  temperature  of  the  atmosphere ;  but 
if  exposed  to  a  sufficient  degree  of  cold,  their  latent 
heat  would  be  extricated,  and  they  would  become 
solid  fat  substances,  as  you  have  seen  oil  when 
frozen. 
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The  .  vegetable  acids  consist  also  of  various 
proportions  of  carbon  and  hydrogen,  which  are 
acidified  by  oxygen.  Gums,  sugar,  and  starch 
ai  e  likewise  composed  of  these  ingredients ;  but 
as  the  oxygen  they  contain  is  not  sufficient  to 
convert  them  into  acids,  they  are  classed  with  the 
oxides,  and  called  vegetable  oxides. 


CAROLINE. 

I  am  quite  delighted  with  all  these  new  ideas  ; 
but  at  the  same  time  I  cannot  but  be  apprehensive 
that  I  may  forget  many  of  them. 


MRS.  B. 

I  would  advise  you  to  take  notes,  or,  what 
would  answer  better  still,  to  write  down  after 
every  lesson  as  much  of  it  as  you  can  recollect. 
And  in  order  to  give  you  some  assistance,  I  will 
lend  you  the  heads,  or  index,  which  I  occasionally 
consult  for  the  sake  of  preserving  some  method 
and  arrangement  in  these  conversations:  unless 
you.  follow  such  a  plan,  you  cannot  expect  to 
ictain  nearly  all  that  you  hear,  how  great  soever 
be  the  impression  it  may  make  on  you  at  first. 

EMILY. 

I  will  certainly  follow  your  advice.  —  Hitherto 
I  have  found  that  I  recollected,  pretty  well,  what 
you  have  taught  us ;  but  the  history  of  carbon  is 
a  more  extensive  subject  than  any  of  the  simple 
bodies  we  have  yet  examined. 
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MRS.  B. 

I  have  little  more  to  say  on  carbon  at  present ; 
but  hereafter  you  will  see  that  it  performs  a  con¬ 
siderable  part  in  most  chemical  operations,  owing 
to  its  entering  into  the  composition  of  so  great  a 
variety  of  substances.  It  is  the  basis,  yon  have 
seen,  of  all  vegetable  matter ;  and  yon  will  find 
that  it  is  very  essential  to  the  process  of  animal- 
isation.  But  in  the  mineral  kingdom,  also,  par¬ 
ticularly  in  its  form  of  carbonic  acid,  we  shall 
often  discover  it  combined  with  a  great  variety  of 
substances. 

In  chemical  operations,  carbon  is  particularly 
useful,  from  its  very  great  attraction  for  oxygen, 
as  it  will  absorb  this  substance  from  many  oxygen¬ 
ated  or  burnt  bodies,  and  thus  deoxygenate,  or 
unburn  them,  and  restore  them  to  their  original 
combustible  state. 

CAROLINE. 

I  do  not  understand  how  a  body  can  be  unburnt , 
and  return  to  its  original  state.  This  piece  of 
tinder,  for  instance,  which  has  been  burnt,  if  by 
any  means  the  oxygen  were  extracted  from  it, 
would  not  be  restored  to  its  former  state  of  linen  ; 
for  its  texture  is  destroyed  by  burning,  and  that 
must  be  the  case  with  all  organised  or  manu¬ 
factured  substances. 

MRS.  B. 

We  certainly  cannot  restore  organised  bodies 
to  their  former  state  after  combustion,  because  it 
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IS  impossible  to  reconstruct  their  organs;  and 
even  a  mineral  compound  body  is  decomposed  by 
combustion  in  a  way  which  generally  precludes 
the  possibility  of  restoring  it  to  its  former  state, 
n  t  ie  present  example,  for  instance,  the  oxyo-en 
does  not  become  fixed  in  the  tinder,  but  it  com¬ 
ines  with  its  volatile  parts,  and  flies  off  in  the 
shape  of  gas,  or  watery  vapour.  You  see,  there¬ 
fore,  how  vain  it  would  be  to  attempt  the  recom¬ 
position  of  such  bodies.  But  with  regard  to 
simple  bodies,  or  at  least  bodies  whose  component 
parts  are  not  disturbed  by  the  process  of  oxygen¬ 
ation  or  deoxygenation,  it  is  often  possible  to°  re¬ 
store  them,  after  combustion,  to  their  orioinal 
state.  —  The  metals,  for  instance,  undergo  no  other 
alteration  by  combustion  than  a  combination  with 
oxygen  ;  therefore,  when  the  oxygen  is  taken  from 
them,  they  resume  their  pure  metallic  form.  But 
1  shall  say  nothing  further  of  this  at  present,  as 
the  metals  will  furnish  ample  subject  for  another 
monnng ;  and  they  are  the  class  of  simple  bodies 
which  come  next  under  consideration. 


VOL.  I. 
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CONVERSATION  XI. 


ON  METALS. 


MRS.  B. 

We  come  now  to  the  metals,  but  before  we  enter 
into  an  examination  of  their  properties,  I  wish 
you  to  look  over  their  several  classes  among  the 
simple  bodies.  According  to  this  classification 
we  should  begin  by  treating  of  those  which  form 
alkalies  and  earths,  by  their  combination  with 
oxygen  ;  they  comprehend  the  2d  and  3d  division 
of  the  3d  class.  But  as  these  simple  bodies  are  of 
later  discovery,  having  been  concealed  from  our 
view  under  the  form  of  alkalies  and  of  earths,  I 
shall  postpone  entering  into  any  account  of  them 
till  we  have  examined  those  with  which  we  are 
better  acquainted,  and  leave  the  others  to  termi¬ 
nate  our  view  of  the  simple  bodies. 

The  metals  which  we  shall  now  speak  of  consti¬ 
tute  the  5th  division  of  the  3d  class.  They  are 
either  naturally  metallic,  or  yield  their  oxygen  to 
carbon  or  to  heat  alone,  and  are  subdivided  into 
malleable  and  brittle  metals. 

CAROLINE. 

I  know  that  brittle  means  easily  broken,  but  I 
am  not  so  well  acquainted  with  the  word  malle- 
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able.  I  suppose  it  means  that  the  metal 
rather  than  break  ? 


will  bend 


You  are  right.  Malleability  arises  from  a  pro¬ 
perty  Which  this  class  Of  metals  possesses,  of 

aI1rnf  Parlieles  to  move  over  each  other 

Without  actual  destruction  of  their  continuity,  so 

hat  the  body  will  spread  out  and  increase  in 
Intensions,  without  a  discontinuity  of  its  parts. 
M  lien,  for  instance,  a  bar  of  gold  is  rolled  out 
nto  a  plate,  or  still  more  when  it  is  beaten  into  a 
leaf,  a  considerable  extension  of  the  particles  takes 
p  ace,  but  the  body  is  not  broken  or  dissevered, 
i-his  could  not  occur  in  wood,  or  gdass. 

CAROLINE. 

Ceitamly  not,  for  the  wood  would  be  shattered 
J  pieces,  and  the  glass  crushed  to  atoms. 

MKS.  B. 

True,  but  they  bear  no  other  resemblance  to 
each  other,  for  wood  and  glass  are  bodies  of  a  verv 

ITw 

The  metals  arc  very  different  from  those  bodies 
which  we  have  hitherto  considered.  They  do  not 

vain  of  *  °fgaSegelude  ‘he  immediate  obser- 

the  m  t  °Ur  reS;  f°r  they  are  the  most  brilliant, 

*  *  P°nderous’  and  the  most  palpable  sub¬ 

stances  in  nature. 
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CAROLINE. 

I  doubt,  however,  whether  the  metals  will  appear 
to  us  so  interesting,  and  give  us  so  much  entertain¬ 
ment,  as  those  mysterious  elements  which  conceal 
themselves  from  our  view.  Besides,  they  can 
afford  but  little  novelty ;  as  they  are  bodies  with 
which  we  are  already  well  acquainted. 

MRS.  B. 

Not  so  well  as  you  imagine ;  the  first  portions 
of  knowledge  we  obtain  in  science,  often  serve 
only  to  show  us  our  own  ignorance,  and  you  have 
that  yet  to  learn,  in  regard  to  the  metals.  How¬ 
ever,  if  you  wish  for  a  little  amusement,  you  may 
look  over  these  specimens  of  metals,  which  are  in 
a  pure  native  state. 

CAROLINE. 

How  beautiful  their  colours  are  ! 

MRS.  B. 

Here  is  another  collection  of  metals  in  the  state 
of  ore.  I  shall  not  attempt  to  treat  of  these 
bodies  fully ;  it  would  require  a  whole  course  of 
lectures;  for  metals  form  of  themselves  a  most 
important  branch  of  practical  chemistry.  We 
must,  therefore,  confine  ourselves  to  a  general 
view  of  them.  They  are  seldom  found  naturally 
in  their  metallic  form ;  being  generally  more  or 
less  oxygenated  or  combined  with  sulphur,  earths, 
or  acids,  and  are  often  blended  with  each  other. 
They  are  buried  in  the  bowels  of  the  earth  in 
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most  parts  of  the  world,  but  chiefly  in  moun¬ 
tainous  districts,  where  the  surface  of  the  globe 
lias  been  disturbed  by  earthquakes,  volcanoes,  and 
other  convulsions  of  nature.  They  are  spread  in 
strata  or  beds,  called  veins,  and  these  veins  are 
composed  of  a  certain  quantity  of  metal,  combined 
with  various  earthy  substances,  with  which  they 
form  minerals  of  a  different  nature  and  appearance, 

called  ;  specimens  of  which  I  have  just  shown 
you. 

CAROLINE. 

I  now  feel  quite  at  home,  for  my  father  has  a 
lead  mine  in  Yorkshire,  and  I  have  heard  a  great 
deal  about  veins  of  ore,  and  of  the  roasting  and 
smelting  of  the  lead ;  but  I  confess  my  ignorance 
of  the  nature  of  these  operations. 

MRS.  B. 

Roasting  is  the  process  by  which  the  volatile 
parts  of  ore  are  evaporated;  smelting,  that  by 
which  the  pure  metal  is  afterwards  separated  from 
the  earthy  remains  of  the  ore.  This  is  done  by 
throwing  the  whole  into  a  furnace,  and  mixing  with 
it  certain  substances  which  will  combine  with  the 
eai  thy  parts  and  other  foreign  ingredients  of  the 
ore ;  the  metal,  being  the  heaviest,  hills  to  the 
bottom,  and  runs  out,  by  proper  openings,  in  its 
pure  metallic  state. 

EMILY. 

Rut  when  the  metal  is  strongly  heated  in  the 

x  3 
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furnace,  does  it  not  combine  with  oxygen,  and 
run  out  in  the  state  of  oxide  ? 


MRS.  B. 

No  ;  for  the  scoriae,  or  oxide  which  soon  forms 
on  the  surface  of  the  fused  metal,  prevents  the 
air  from  having  any  further  influence  on  the  mass ; 
so  that  neither  combustion  nor  oxygenation  can 
take  place. 

CAROLINE. 

Are  all  the  metals  equally  combustible  ? 

MRS.  B. 

Far  from  it;  their  attraction  for  oxygen  varies 
extremely.  There  are  some  that  will  combine 
with  it  only  at  a  very  high  temperature  or  by 
the  assistance  of  acids;  whilst  others  oxidate  spon¬ 
taneously  and  with  great  rapidity,  even  at  the 
lowest  temperature  ;  such  is,  in  particular,  man¬ 
ganese,  which  scarcely  ever  exists  in  the  metallic 
state,  as  it  immediately  absorbs  oxygen,  on  being 
exposed  to  the  air,  and  crumbles  to  an  oxide  in 
the  course  of  a  few  hours. 

EMILY. 

Is  not  that  the  oxide  from  which  you  extracted 

%/ 

the  oxygen  gas  ? 

MRS.  B. 

It  is :  so  that,  you  see,  this  metal  attracts  oxy¬ 
gen  at  a  low  temperature,  and  parts  with  it  when 
strongly  heated. 
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EMILY. 

Is  there  any  other  metal  which  oxidates  at  the 
temperature  of  the  atmosphere  ? 

MRS.  B. 

They  all  do,  more  or  less,  excepting  gold,  silver, 
and  platina ;  iron  oxidates  slowly  in  the  air,  and 
the  oxide  with  which  it  becomes  covered  is  called 
rust.  This  rusty  surface  preserves  the  interior  of 
tne  metal  from  oxidation,  as  it  prevents  the  air 
nom  coming  in  contact  with  it.  Rust  appears  to 
lie  united  with  a  small  portion  of  oxygen. 

EMILY. 

TV  hen  metals  oxidate  from  the  atmosphere  with¬ 
out  an  elevation  of  temperature,  some  light  and 

sen»aoed,  I  suppose,  though  not 
in  sufficient  quantities  to  be  sensible. 

MRS.  B. 

Undoubtedly ;  and,  indeed,  it  is  not  surprising 
iliat  light  and  heat  should  not  be  sensible,  when 
you  consider  how  extremely  slowly,  and,  indeed, 
how  impel fectly,  most  metals  oxidate  by  mere 
exposure  to  the  atmosphere.  For  the  quantity  of 
oxygen  with  which  metals  are  capable  of  combin¬ 
es  genei  ally  depends  upon  their  temperature ; 
and  the  absorption  stops  at  various  points  of 
oxidation,  according  to  the  degree  to  which  their 
temperature  is  raised. 

When  the  metal  oxygenates  with  sufficient 
rapidity  for  light  and  heat  to  become  sensible. 
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combustion  actually  takes  place.  But  this  happens 
only  at  very  high  temperatures,  and  the  product 
is  nevertheless  an  oxide ;  for  though,  as  I  have 
just  said,  metals  will  combine  with  different  pro¬ 
portions  of  oxygen,  yet,  with  the  exception  of 
only  five  of  them,  they  are  not  susceptible  of 
acidification. 

Metals  change  colour  during  the  different  de- 

O  O 

grees  of  oxidation  which  they  undergo.  Lead, 
Avhen  heated  in  contact  with  the  atmosphere,  first 
becomes  grey ;  if  its  temperature  be  then  raised,  it 
turns  yellow,  and  a  still  stronger  heat  changes  it 
to  red.  And  it  is  even  capable  of  a  stronger  degree 
of  oxidation,  in  which  the  oxide  is  puce-coloured. 
Iron  becomes  successively  a  green,  brown,  and 
white  oxide.  Copper  changes  from  brown  to 
blue,  and  lastly  green. 

EMILY. 

Pray,  is  the  white  lead  with  which  houses  are 
painted  prepared  with  oxidated  lead  ? 

MRS.  B. 

Yes,  but  it  is  also  united  with  carbonic  acid. 
It  is  a  carbonate  of  lead.  The  mere  oxide  of 
lead  is  called  red  lead.  Litharge  is  another  oxide 
of  lead,  containing  less  oxygen.  Almost  all  the 
metallic  oxides  are  used  as  paints.  The  various 
sorts  of  ochres  consist  chiefly  of  iron  more  or  less 
oxidated.  And  it  is  a  remarkable  circumstance, 
that  if  you  burn  metals  rapidly,  the  light  or  flame 
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they  emit,  during  combustion  partakes  of  the 
colours  which  the  oxide  successively  assumes. 

CAROLINE. 

How  is  that  accounted  for,  Mrs.  B.,  since  light 
does  not  proceed  from  the  burning  body,  but  from 
the  decomposition  of  the  oxygen  gas  ? 

MRS.  B. 

The  correspondence  of  the  colour  of  the  light 
with  that  of  the  oxide  which  emits  it,  is,  inwall 
probability,  owing  to  some  particles  of  the  metal 
which  are  volatilised  and  carried  off  by  the  caloric. 

CAROLINE. 

It  is,  then,  a  sort  of  metallic  gas  ? 

EMILY. 

TV  hy  is  it  reckoned  so  unwholesome  to  breathe 

the  air  of  a  place  in  which  metals  are  meltino-  9 

o 

MRS.  B. 

^  I  ei  haps  the  notion  is  too  generally  entertained. 
But  it  is  true  with  respect  to  lead,  and  some  other 
noxious  metals,  because,  unless  care  be  taken,  the 
particles  of  the  oxide  which  are  volatilised  by  the 
heat  are  inhaled  with  the  breath,  and  may  pro¬ 
duce  dangerous  effects. 

I  must  show  you  some  instances  of  the  com¬ 
bustion  of  metals ;  it  would  require  the  heat  of  a 
furnace  to  make  them  burn  in  the  common  air, 
but  if  we  supply  them  with  a  stream  of  oxygen 
gas,  we  may  easily  accomplish  it. 
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CAROLINE. 

It  will  still,  I  suppose,  be  necessary,  in  some 
degree,  to  raise  their  temperature  ? 

MRS.  B. 

This,  as  you  shall  see,  is  very  easily  done,  par¬ 
ticularly  if  the  experiment  be  tried  upon  a  small 
scale.  —  I  begin  by  lighting  this  piece  of  charcoal 
with  the  candle,  and  then  increase  the  rapidity  of 
its  combustion  by  blowing  upon  it  with  a  blow-pipe. 
(Plate  XV.  fig.  1.) 

EMILY. 

That  I  do  not  understand;  for  it  is  not  every 
kind  of  air,  but  merely  oxygen  gas,  that  produces 
combustion.  Now  you  said  that  in  breathing  we 
inspired,  but  did  not  expire  oxygen  gas.  Why, 
therefore,  should  the  air  which  you  breathe  through 
the  blow-pipe  promote  the  combustion  of  the 
charcoal  ? 

MRS.  B. 

Because  the  air,  which  has  but  once  passed 
through  the  lungs,  is  yet  but  little  altered,  a  small 
portion  only  of  its  oxygen  being  destroyed :  so  that 
a  great  deal  more  is  gained  by  increasing  the  ra¬ 
pidity  of  the  current  by  means  of  the  blow-pipe, 
than  is  lost  in  consequence  of  the  air  passing  once 
through  the  lungs,  as  you  shall  see. 

EMILY. 

Yes,  indeed,  it  makes  the  charcoal  burn  much 
brighter. 


PI  ATE  XV 


vlpparatus  [or  the  combustion  of 
metals  by  means  of  oxygen  gas. 
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n  blo^  ptpc  convey  ing  a  stream  of  oxygen, gas  from  a  gas  holder. 
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MRS.  B. 

liilst  it  is  red-hot,  I  shall  drop  some  iron 
filings  on  it,  and  supply  them  with  a  current  of 
oxygen  gas,  by  means  of  this  apparatus  (Plate  XV. 

which  consists  simply  of  a  closed  tin  cylin¬ 
drical  vessel,  full  of  oxygen  gas,  with  two  apertures 
and  stop-cocks,  by  one  of  which  a  stream  of  water 
*s  thrown  into  the  vessel  through  a  long  funnel, 
whilst  by  the  other  the  gas  is  forced  out  through 
a  blow  -pipe  adapted  to  it,  as  the  water  gains  ad  - 
mittance.  Vow  that  I  pour  water  into  the  fun¬ 
nel,  you  may  hear  the  gas  issuing  from  the  blow¬ 
pipe.  I  biing  the  charcoal  close  to  the  current, 
and  drop  the  filings  upon  it - 

CAROLINE. 

They  emit  much  the  same  vivid  light  as  the  com¬ 
bustion  of  the  iron  wire  in  oxygen  gas. 

MRS.  B. 

The  piocess  is,  in  fact,  the  same:  there  is  only 
some  difference  in  the  mode  of  conducting  it. 

EMILY. 

What  is  it  that  produces  those  bright  stars 
which  shoot  out  from  the  iron  whilst  burnincr  ? 

MRS.  B. 

It  is  a  peculiarity  which  distinguishes  the  burn¬ 
ing  of  iron  from  that  of  any  other  substance. 
Lach  particle  of  iron  in  a  state  of  combustion 
gives  out  fragments  which  burn  in  a  stellate  form, 
radiating  all  around. 
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Let  us  now  burn  some  tin  in  the  same  manner 
—  you  see  that  it  is  equally  combustible.  But  tin 
has  an  advantage  over  all  the  other  common 
metals ;  it  will  not  rust. 

CAROLINE. 

Surely,  Mrs.  B.,  I  have  seen  old  rusty  sheets  of 
tin. 

MRS.  B, 

Tin  is  so  soft  a  metal,  that  it  cannot  be  made 
into  sheets.  A  very  thin  sheet  of  iron  is  there¬ 
fore  dipped  into  a  solution  of  tin,  which  covers 
it  all  over,  and  in  this  state  it  is  commonly  called 
sheet  tin.  When  it  grows  old  the  coating  of  tin 
wears  off  in  parts,  and  whatever  portion  of  the 
iron  becomes  exposed  to  the  air  or  moisture,  will 

be  oxidated  or  rusty. 

%> 

EMILY. 

Then  rust  is  an  oxide  ? 

MRS.  B. 

Precisely :  it  is  the  oxidation  of  iron,  which 
takes  place  at  the  common  temperature  of  the 
atmosphere,  and  is  too  slow  in  its  operation  to 
produce  any  sensible  disengagement  of  light  and 
heat. 

CAROLINE. 

And  do  not  the  other  metals  rust  as  well  as 
iron  ? 

MRS.  B. 

Strictly  speaking,  rust  should  be  confined  to  the 
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oxide  of  iron ;  but  all  the  malleable  metals,  except 
gold,  silver,  and  platina,  oxidate  more  or  less  by 
exposure  to  the  atmosphere,  and  cover  themselves 
with  a  coating  which  adheres  closely  to  their  sur¬ 
face,  and  which  m  some  of  them  so  strongly  resem¬ 
bles  lust,  that  it  is  often  called  by  that  name. 
But  these  oxides  differ  from  rust  in  the  manner  of 
their  formation.  Bust  does  not  adhere  to  the 
non  on  which  it  is  formed,  but  is  produced  in 
small  spots  on  its  surface  :  this  process  goes  on  in¬ 
creasing  through  the  pores  of  the  rust,  and  the 
spots  spread  themselves  till  they  corrode  the  iron, 
eat  into  its  substance,  and  finally  destroy  it. 

The  other  metals,  on  the  contrary,  when  ex¬ 
posed  to  the  atmosphere,  form  oxides,  which 
adhere  closely  to  the  metal,  covering  it  so  com¬ 
pletely,  that  no  sooner  is  a  thin  pellicle  of  oxide 
formed,  than  the  process  ceases,  as  the  metal  is  no 
longer  in  contact  with  the  atmosphere. 

CAROLINE. 

Then  these  oxides  are  indeed  very  different 
from  rust,  for  they  preserve,  instead  of  destroying, 
the  metal  beneath  them. 

MRS.  B. 

Certainly.  1  ou  must  often  have  observed  that 
the  common  metals,  such  as  copper,  lead,  and  tin, 
become  dull  and  tarnished.  This  is  nothing  more 
than  an  almost  invisible  covering  of  oxide,  which 

surface,  and  adheres  so  tena- 
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ciously  to  them,  that  it  requires  hard  rubbing  to 
get  it  off. 

CAROLINE. 

Oh !  yes ;  when  the  copper  coal-scuttle  be¬ 
comes  tarnished,  I  know  how  hard  the  housemaid 
is  obliged  to  scour  it  to  make  it  bright,  and  the 
tin  covers  of  dishes  become  dull  and  soiled.  The 
oxides  then  are  actually  dirt  formed  on  these 
utensils,  by  the  operation  of  oxygen  ? 


MRS.  R. 

The  cook  and  the  housemaid  may  call  them  so, 
but  you  must  not  expect  a  chemist  to  apply  so 
opprobrious  an  epithet  to  so  interesting  a  class  of 
bodies  as  the  metallic  oxides. 

EMILY. 

I  remember  in  Switzerland  seeing  tin  much 
used  on  the  roofs  of  houses,  and  admiring  its 
sparkling  brilliancy  when  the  sun  shone  on  it ;  yet 
I  suppose  it  must  be  covered  with  a  slight  coat¬ 
ing  of  oxide? 

MRS.  B. 

No  doubt ;  but  in  a  dry  climate  that  slight 
pellicle  is  sufficient  to  preserve  the  tin  from  fur¬ 
ther  oxidation,  and  does  not  much  injure  the 
brilliancy  of  the  metal.  I  fear  it  would  not 
succeed  so  well  in  this  damp  climate,  for  the 
metals  oxidate  much  more  readily  from  moisture 
than  from  the  atmosphere  ;  those  metals,  at  least, 
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which  have  a  stronger  attraction  for  oxygen  than 
hydrogen  has. 

%f  o 

Tin  is  the  least  liable  to  corrode  of  all  the 
metals,  except  the  perfect  metals.  "We  will  now 
try  to  burn  some  copper. 

CAROLINE. 

It  burns  with  a  greenish  flame :  whicli  is,  I 
suppose,  owing  to  the  colour  of  the  oxide  ? 

EMILY. 

Pray,  let  us  also  burn  some  gold. 

MRS.  B. 

That  is  not  in  our  power.  Gold,  silver,  and 
platina  are  incapable  of  being  oxidated  by  the 
greatest  heat  that  we  can  produce  by  this  method. 
It  is  from  this  circumstance  that  they  have  been 
called  perfect  metals.  They  have,  however,  an 
affinity  for  oxygen  ;  but  their  oxidation  or  com¬ 
bustion  can  be  performed  only  by  means  of  acids 
or  by  electricity. 

The  spark  given  out  by  the  Voltaic  battery  pro¬ 
duces  at  the  point  of  contact  a  greater  degree  of 
heat  than  any  other  process ;  and  it  is  at  this  very 
high  temperature  only  that  the  affinity  of  these 
metals  for  oxygen  will  enable  them  to  act  on  each 
other. 

I  am  sorry  that  I  cannot  show  you  the  combus¬ 
tion  of  the  perfect  metals  by  this  process,  but  it 
requires  a  considerable  Voltaic  battery.  You  will 
see  these  experiments  performed  in  the  most  per- 


320 


METALS. 

feet  manner,  when  you  attend  the  chemical  lectures 
of  the  Royal  Institution.  In  the  mean  time,  I 
can,  without  difficulty,  show  you  an  ingenious 
apparatus,  contrived  for  the  purpose  of  producing 
intense  heats,  the  power  of  which  nearly  equals 
that  of  the  largest  Voltaic  battery.  It  simply 
consists,  you  see,  in  a  strong  box,  made  of  iron 
or  copper  (Plate  XIII.  fig.  2.),  to  which  may  be 
adapted  this  air-syringe  or  condensing-pump,  and 
a  stop-cock  terminating  in  a  small  orifice  similar 
to  that  of  a  blow-pipe.  By  working  the  condens¬ 
ing  syringe  up  and  down  in  this  manner  a  quantity 
of  air  is  accumulated  in  the  vessel,  which  may  be 
increased  to  almost  any  extent ;  so  that,  if  we  now 
turn  the  stop-cock,  the  condensed  air  will  rush 
out,  forming  a  jet  of  considerable  force ;  and  if 
we  place  the  flame  of  a  lamp  in  the  current,  you 
Avill  see  how  violently  the  flame  is  driven  in  that 
direction. 

CAROLINE. 

It  seems  to  be  exactlv  the  same  effect  as  that  of 

%/ 

a  blow-pipe  worked  by  the  mouth,  only  much 
stronger. 

EMILY. 

And  the  instrument  has  this  additional  advan¬ 
tage,  that  it  does  not  fatigue  the  mouth  and  lungs 
like  the  common  blow-pipe,  and  requires  no  art 
in  blowing. 

MRS.  B. 

Unquestionably  :  but  yet  this  blow-pipe  would 
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be  of  very  limited  utility,  if  its  energy  and  power 
could  not  be  greatly  increased  by  some  other  con¬ 
trivance.  Can  you  imagine  any  mode  of  produc- 
mg  such  an  effect  ? 

EMILY. 

Could  not  the  reservoir  be  filled  with  pure 

oxygen,  instead  of  common  air,  as  in  the  case  of 
the  gas-holder  ? 

MRS.  B. 

This  is  precisely  the  contrivance  I  allude  to. 
The  vessel  need  only  be  supplied  with  air  from  a 
bladder  full  of  oxygen,  instead  of  the  air  of  the 
room ;  which  you  see  may  be  easily  done  by  screw¬ 
ing  the  bladder  on  the  upper  part  of  the  syringe, 
so  that,  in  working  the  syringe,  the  oxygen  gas  is 
forced  from  the  bladder  into  the  condensing  vessel. 

CAROLINE. 

TV  lth  the  aid  of  this  small  apparatus,  therefore, 
the  same  effects  may  be  obtained  as  those  we  have 
just  produced  with  the  gas-holder,  by  means  of  a 
column  of  water  forcing  the  gas  out  of  it. 

MRS.  B. 

T  cs ,  and  much  more  conveniently  so.  But 
there  is  a  mode  of  using  this  apparatus  which  pro¬ 
duces  still  more  powerful  effects.  It  consists  in 
condensing  in  the  reservoir,  not  oxygen  alone,  but 
a  mixture  of  oxygen  and  hydrogen  in  the  exact 
proportion  in  which  they  unite  to  produce  water, 
and  then  kindling  the  jet  formed  by  the  mixed 

VOL.  I.  v 
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gases.  The  heat  disengaged  by  this  combustion, 
without  the  help  of  any  lamp,  is  probably  the 
most  intense  known ;  and  various  results  are  said 
to  have  been  obtained  from  it  which  exceed  all 
expectation. 

CAROLINE. 

But  why  should  we  not  try  this  experiment? 

MRS.  B. 

Because  it  is  not  exempt  from  danger;  the 
combustion  (notwithstanding  various  contrivances 
which  have  been  resorted  to  with  a  view  to  prevent 
accident)  being  apt  to  penetrate  into  the  inside  of 
the  vessel,  and  to  produce  a  dangerous  and  violent 
explosion. 

Mr.  Dobereiner,  of  Jena,  has  discovered  that 
platina,  in  a  state  of  spongy  texture,  in  which  it  is 
procured  by  heating  the  salt  formed  by  nitro- 
muriatic  acid,  platina,  and  ammonia,  possesses  the 
singular  property  of  effecting  the  combustion  of 
hydrogen  in  atmospherical  air,  and  becomes  itself 
incandescent.  The  experiment  is  easily  made  by 
presenting  to  a  current  of  hydrogen  gas  a  piece  of 
platina,  in  the  form  above  mentioned,  at  such  a 
distance  that  the  jet  of  hydrogen  may  be  mixed 
with  the  common  air.  In  a  mixture  of  two  parts 
of  hydrogen  and  one  of  oxygen,  the  platina  pro¬ 
duces  detonation  and  formation  of  water. 

Platina  leaf,  if  crumpled  up  and  introduced  into 
the  mixture,  has  a  similar  action ;  whilst  in  the 
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state  of  wire  or  powder  it  is  without  effect.  Se¬ 
veral  other  metals,  such  as  iron,  palladium,  gold, 

and  silver,  possess  the  same  property,  but  in  a  less 
degree. 

O 

CAROLINE. 

Do  you  mean  to  say  that  metals  exposed  to  a 
current  of  hydrogen  become  incandescent  without 
having  been  previously  heated  ? 

MRS.  B. 

This  is  the  case,  at  least,  with  platina,  palladium, 
and  those  metals  which  are  found  mixed  with 
crude  platina ;  but  the  others,  of  which  number 
are  gold  and  silver,  require  to  be  elevated  above 
the  common  temperature  to  produce  this  effect. 
It  has,  indeed,  been  ascertained  that  platina  be¬ 
comes  incandescent  by  exposure  to  a  current  of 
hydrogen  gas,  even  when  the  temperature  of  the 
metal  is  lowered  by  a  frigorific  mixture  eight  or 
ten  degrees  below  the  zero  of  Fahrenheit.  The 
platina  used  in  this  experiment  was  prepared  by 
imbibing  brbwn  paper  with  muriate  of  platina ; 
tnis  was  fhs\  diied  by  a  gentle  heat,  and  then 
burnt  to  ashefc  in  a  small  crucible  ;  the  muriatic 
acid  escaped,  and  the  platina  remained  in  a  re¬ 
markably  porous  state:  with  platina  thus  pre¬ 
pared,  the  experiment  of  the  current  of  hydrogen 
succeeds  much  better  than  when  it  is  in  a  porous 
state,  in  which  case  the  incandescence  ceases 
either  at  the  freezing  point,  or  two  or  three  de¬ 
grees  below'  it. 
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These  singular  phenomena  remain  as  yet  with¬ 
out  satisfactory  explanation.  We  shall  now  pro¬ 
ceed  in  our  subject. 

CAROLINE. 

I  think  you  said  the  oxides  of  metals  could  be 
restored  to  their  metallic  state  ? 

MRS.  B. 

Yes ;  this  operation  is  called  reviving  a  metal. 
Metals  are  in  general  capable  of  being  revived  by 
charcoal,  when  heated  red-hot,  charcoal  having 
a  greater  attraction  for  oxygen  than  the  metals. 

You  need  only,  therefore,  decompose,  or  unburn, 
the  oxide,  by  depriving  it  of  its  oxygen,  and  the 
metal  will  be  restored  to  its  pure  state. 

EMILY. 

Then  I  dare  say  that  by  this  process  the  carbon 
will  be  burnt,  and  converted  into  carbonic  acid. 

MRS.  B. 

Certainly.  There  are  other  combustible  sub¬ 
stances  to  which  metals  at  a  high  temperature  will 
part  with  their  oxygen.  They  will  also  yield  it 
to  each  other,  according  to  their  several  degrees  of 
attraction  for  it ;  and  if  the  oxygen  becomes  more 
dense  in  the  metal  which  it  enters,  than  it  was  in 
that  which  it  quits,  a  proportional  disengagement 
of  caloric  will  take  place. 

CAROLINE. 

And  cannot  the  oxides  of  gold,  silver,  and  pla- 
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tina,  which  are  formed  by  means  of  acids  or  of  the 
electric  fluid,  be  restored  to  their  metallic  state  ? 

MRS.  B. 

^  es,  they  may ;  even  without  the  intervention 
of  a  combustible  body ;  heat  alone  will  take  the 
oxygen  from  them,  convert  it  into  a  gas,  and 
revive  the  metal. 

EMILY. 

\  ou  said  that  rust  was  an  oxide  of  iron  :  how 
is  it,  then,  that  water,  or  merely  dampness,  pro¬ 
duces  it,  which,  you  know,  it  very  frequently  does 
on  steel  grates,  or  any  iron  instruments  ? 

MRS.  B. 

In  that  case  the  metal  decomposes  the  water, 
01  dampness  (which  is  nothing  but  water  in  a 
staie  of  vapour),  and  obtains  the  oxygen  from  it. 

CAROLINE. 

I  thought  that  it  was  necessary  to  bring  metals 
to  a  very  high  temperature  to  enable  them  to  de¬ 
compose  water? 

MRS.  B. 

It  is  so,  in  order  to  perform  the  process  rapidly. 
But  iron  you  know  becomes  rusty,  and  all  the 
othei  metals  except  the  perfect  ones  oxidate,  more 
01  less  spontaneously,  either  by  air  or  water. 

EMILY. 

Aie  all  metals  capable  of  decomposing  water, 
piovided  their  temperature  be  sufficiently  raised? 

Y  3 
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MRS.  B. 

No  ;  a  certain  degree  of  attraction  is  requisite, 
besides  the  assistance  of  heat.  Water,  you  recol¬ 
lect,  is  composed  of  oxygen  and  hydrogen ;  and, 
unless  the  affinity  of  the  metal  for  oxygen  be 
stronger  than  that  of  hydrogen,  it  is  in  vain  that 
we  raise  its  temperature,  for  it  cannot  take  the 
oxygen  from  the  hydrogen.  The  affinity  of  iron, 
zinc,  tin,  and  antimony  for  oxygen  is  stronger 
than  that  of  hydrogen :  these  four  metals,  therefore, 
are  capable  of  decomposing  water.  But  hydrogen, 
having  an  advantage  over  all  the  other  metals  with 
respect  to  its  affinity  for  oxygen,  it  not  only  with¬ 
holds  its  oxygen  from  them,  but  is  even  capable, 
under  certain  circumstances,  of  taking  the  oxygen 
from  the  oxides  of  these  metals. 

EMILY. 

I  confess  that  I  do  not  quite  understand  why 
hydrogen  can  take  oxygen  from  those  metals  which 
do  not  decompose  water. 

CAROLINE. 

I  think  I  do  perfectly.  Lead,  for  instance,  will 
not  decompose  water,  because  it  has  not  so  strong 
an  attraction  for  oxygen  as  hydrogen  has.  Well, 
then,  suppose  the  lead  to  be  in  a  state  of  oxide ; 
hydrogen  will  take  the  oxygen  from  the  lead,  and 
unite  with  it  to  form  water,  because  hydrogen  has 
a  stronger  attraction  for  oxygen,  than  oxygen  has 
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for  lead  ;  and  it  is  the  same  with  all  the  other  me¬ 
tals  which  do  not  decompose  water. 

EMILY. 

I  understand  your  explanation,  Caroline,  very 
well ;  and  I  imagine  that  it  is  because  lead  cannot 
decompose  water  that  it  is  so  much  employed,  in 
the  form  of  pipes,  for  its  conveyance. 

MRS.  B. 

Certainly  ;  lead  is,  on  that  account,  particularly 
appropriate  to  such  purposes ;  whilst,  on  the  con- 
trary,  this  metal,  if  it  were  oxidable  by  water, 
would  impart  to  it  very  noxious  qualities,  as  all 
oxides  of  lead  are  more  or  less  pernicious. 

T\  ith  regard  to  the  oxidation  of  metals,  the  most 
powerful  mode  of  effecting  it  is  by  means  of  acids. 
These,  j  ou  know,  contain  a  much  greater  propor¬ 
tion  of  oxygen  than  either  air  or  water;  and  will, 
most  of  them,  easily  yield  it  to  metals. 

Thus  the  zinc  plates  of  the  Voltaic  battery  are 
oxidated  by  the  acid  and  water,  much  more  effec¬ 
tually  than  by  water  alone. 

CAROLINE. 

And  I  have  often  observed,  that  if  I  drop  vine¬ 
gar,  lemon,  or  any  acid  on  the  blade  of  a  knife,  or 
on  a  pair  of  scissors,  it  will  immediately  produce 
a  spot  of  rust. 

EMILY. 

Metals  have,  then,  three  ways  of  obtaining  oxy- 
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gen ;  from  the  atmosphere,  from  water,  and  from 
acids. 

MRS.  B. 

The  two  first  you  have  already  witnessed,  and 
I  shall  now  show  you  how  metals  take  the  oxygen 
from  an  acid.  This  bottle  contains  nitric  acid ; 
I  shall  pour  some  of  it  over  this  piece  of  copper- 
leaf.  . 

CAROLINE. 

Oh,  what  a  disagreeable  smell !  And  what  is 
it  that  produces  the  effervescence  and  that  thick 
yellow  vapour? 

MRS.  B. 

It  is  the  acid,  which,  being  abandoned  by  the 
greater  part  of  its  oxygen,  is  converted  into  a 
weaker  acid,  which  escapes  in  the  form  of  gas. 

EMILY. 

And  whence  proceeds  this  heat  ? 


MRS.  B. 

Indeed,  Emily,  I  think  you  might  now  be  able 
to  answer  that  question  yourself. 

EMILY. 

Perhaps  it  is  that  the  oxygen  enters  into  the 
metal  in  a  more  solid  state  than  it  existed  in  the 
acid,  in  consequence  of  which  caloric  is  disen¬ 
gaged.  The  effervescence  is  now  over  ;  therefore 
I  suppose  that  the  metal  is  already  oxidated. 
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MRS.  B. 

les.  There  is  another  important  connection 
between  metals  and  acids,  with  which  I  must  make 
you  acquainted.  Metals,  when  in  the  state  of 
oxides,  are  capable  of  being  dissolved  by  acids. 
In  this  operation  they  enter  into  a  chemical  com¬ 
bination  with  the  acid,  and  form  an  entirely  new 
compound. 

CAROLINE. 

But  what  difference  is  there  between  the  oxida¬ 
tion  and  the  dissolution  of  the  metal  by  an  acid  ? 

MRS.  B. 

In  the  first  case,  the  metal  merely  combines  with 
a  portion  of  oxygen  taken  from  the  acid,  which  is 
thus  partly  deoxygenated,  as  in  the  instance  you 
have  just  seen ;  in  the  second  case,  the  metal,  after 
being  previously  oxidated,  is  actually  dissolved  in 
the  acid,  and  enters  into  a  chemical  combination 
with  it,  without  producing  any  further  decompo¬ 
sition  or  effervescence.  —  This  complete  combin¬ 
ation  of  an  oxide  and  an  acid  forms  a  peculiar  and 
important  class  of  compound  salts. 

EMILY. 

The  difference  between  an  oxide  and  a  com¬ 
pound  of  salt,  therefore,  is  very  obvious  ;  the  one 
consists  of  a  metal  and  oxygen ;  the  other  of  an 
oxide  and  an  acid. 

MRS.  B. 

\  ery  well:  and  you  will  be  careful  to  remem¬ 
ber  that  tne  metals  are  incapable  of  entering  into 
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this  combination  with  acids,  unless  they  are  pre¬ 
viously  oxidated  :  therefore,  whenever  you  bring 
a  metal  in  contact  with  an  acid,  it  will  be  first 
oxidated  and  afterwards  dissolved,  provided  that 
there  be  a  sufficient  quantity  of  acid  for  both  ope¬ 
rations. 

There  are  some  metals,  however,  whose  solu¬ 
tion  is  more  easily  accomplished  by  diluting  the 
acid  in  water;  the  metal  will,  in  this  case,  be 
oxidated,  not  by  the  acid,  but  by  the  water,  which 
it  will  decompose.  In  proportion  as  the  oxygen 
of  the  water  oxidates  the  surface  of  the  metal,  the 
acid  combines  with  it,  washes  it  off,  and  leaves  a 
clean  surface  for  the  oxygen  to  act  upon  :  fresh 
coats  of  oxide  are  then  successively  formed,  and 
rapidly  dissolved  by  the  acid,  which  continues  com¬ 
bining  with  the  new-formed  surfaces  of  oxide  till 
the  whole  of  the  metal  is  dissolved.  During  this 
process  the  hydrogen  gas  of  the  water  is  disen¬ 
gaged,  and  flies  off  with  effervescence. 

EMILY. 

Was  not  this  the  manner  in  which  the  sul¬ 
phuric  acid  assisted  the  iron  filings  in  decomposing 
water  ? 

MRS.  B. 

Exactly  ;  and  it  is  thus  that  several  metals, 
which  are  incapable  alone  of  decomposing  water, 
are  enabled  to  do  it  by  the  assistance  of  an  acid, 
which,  by  continually  washing  off  the  coat  of  oxide 
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as  it  is  formed,  prepares  a  fresh  surface  of  metal 
to  act  upon  the  water. 

CAROLINE. 

The  acid  here  seems  to  perform  the  part  of  a 
scrubbing  brush.  —  But  pray  would  not  this  be  a 
good  method  of  cleaning  metallic  utensils  ? 

MRS.  B. 

T  es  :  on  some  occasions  a  weak  acid,  as  vinegar, 
is  used  for  cleaning  copper.  Iron  plates,  too,  are 
freed  from  the  rust  on  their  surface  by  diluted 
muriatic  acid,  previous  to  their  being  covered  with 
tin.  Y  ou  must  remember,  however,  that  in  this 
mode  of  cleaning  metals  the  acid  should  be  quickly 
afterwards  wiped  off,  otherwise  it  would  produce 
fresh  oxide,  and  dirty  the  metal  after  having 
cleansed  it. 

CAROLINE. 

Let  us  watch  the  dissolution  of  the  copper  in 
the  nitric  acid  ;  for  I  am  very  impatient  to  see  the 
salt  which  is  to  result  from  it.  The  mixture  is 
now  of  a  beautiful  blue  colour ;  but  there  is  no 
appearance  of  the  formation  of  a  salt ;  it  appears 
to  be  a  tedious  operation. 


MRS.  B. 

The  crystallisation  of  the  salt  requires  some 
length  of  time  to  be  completed ;  if,  however,  you 
are  so  impatient,  I  can  easily  show  you  a  metallic 
salt  already  formed. 
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CAROLINE. 

But  that  would  not  satisfy  my  curiosity  half  so 
well  as  one  of  our  own  manufacturing. 

MRS.  B. 

It  is  one  of  our  own  preparing  that  I  mean  to 
show  you.  When  we  decomposed  water  a  few 
days  since,  by  the  oxidation  of  iron  filings  through 
the  assistance  of  sulphuric  acid,  in  what  did  the 
process  consist  ? 

CAROLINE. 

In  proportion  as  the  water  yielded  its  oxygen  to 
the  iron,  the  acid  combined  with  the  new-formed 
oxide,  and  the  hydrogen  escaped  alone. 

MRS.  B. 

Very  well;  the  result,  therefore,  was  a  compound 
salt,  formed  by  the  combination  of  sulphuric  acid 
with  oxide  of  iron.  It  still  remains  in  the  vessel 
in  which  the  experiment  was  performed.  Fetch 
it,  and  we  will  examine  it. 

EMILY. 

What  a  variety  of  processes  the  decomposition 
of  water,  by  a  metal  and  an  acid,  implies  :  1st,  the 
decomposition  of  the  water ;  2dly,  the  oxidation 
of  the  metal ;  and,  3dly,  the  formation  of  a  com¬ 
pound  salt. 

CAROLINE. 

Here  it  is,  Mrs.  B. — What  beautiful  green 
crystals  !  But  we  do  not  perceive  any  crystals  in 
the  solution  of  copper  in  nitrous  acid. 
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MRS.  B. 

Because  the  salt  is  now  suspended  in  the  water 
which  the  nitrous  acid  contains,  and  will  remain 

so  till  it  is  deposited,  in  consequence  of  rest  and 
cooling. 

O 

EMILY. 

I  am  surprised  that  a  body  so  opaque  as  iron 
can  be  converted  into  such  transparent  crystals. 

MRS.  B. 

It  is  the  union  with  the  acid  that  produces  the 
transparency  ;  for  if  the  pure  metal  were  melted, 
and  afterwards  permitted  to  cool  and  crystallise, 
it  would  be  found  as  opaque  as  it  was  before. 

EMILY. 

I  do  not  understand  the  exact  meaning  of  crys¬ 
tallisation.  ° 

MRS.  B. 

You  recollect  that  when  a  solid  body  is  dis¬ 
solved,  either  by  water  or  caloric,  it  is  not  de¬ 
composed  ;  but  that  its  integrant  parts  are  only 
suspended  in  the  solvent.  When  the  solution  is 
made  in  water,  the  integrant  particles  of  the  body 
will,  on  the  water  being  evaporated,  again  unite 
into  a  solid  mass,  by  the  force  of  their  mutual 
attraction.  But  when  the  body  is  dissolved  by 
caloric  alone,  nothing  more  is  necessary,  in  order 
to  make  its  particles  re-unite,  than  to  "reduce  its 
temperature.  And,  in  general,  if  the  solvent 
whether  water  or  caloric,  be  slowly  separated  by 
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evaporation  or  by  cooling,  and  care  taken  that  the 
particles  be  not  agitated  during  their  re-union,  they 
will  arrange  themselves  in  regular  masses,  each 
individual  substance  assuming  a  peculiar  form  or 
arrangement ;  and  this  is  called  crystallisation. 

EMILY. 

Crystallisation,  therefore,  is  simply  the  re-union 
of  the  particles  of  a  solid  body  which  has  been 
dissolved  in  a  fluid. 

MRS.  B. 

Yes;  provided  the  re-union  takes  place  in  the 
regular  form  of  crystals.  But  I  must  not  forget 
to  observe,  that  heat  and  icater  may  unite  their 
solvent  powers;  and,  in  this  case,  crystallisation 
may  be  hastened  by  cooling  as  well  as  by  evapo¬ 
rating  the  liquid. 

CAROLINE. 

But  if  the  body  dissolved  be  of  a  volatile  nature, 
will  it  not  evaporate  with  a  fluid  ? 

MRS.  B. 

A  crystallised  body  held  in  solution  only  by 
water  is  scarcely  ever  so  volatile  as  the  fluid  itself, 
and  care  must  be  taken  to  manage  the  heat  so 
that  it  may  be  sufficient  to  evaporate  the  water 
only. 

I  must  not  forget  also  to  mention,  that  bodies 
in  crystallising  from  their  watery  solution  always 
retain  a  small  portion  of  water,  which  remains 
confined  in  the  crystal  in  a  solid  form,  and  does 
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not  re-appear  unless  the  body  loses  its  crystalline 
state.  This  is  called  the  water  of  crystallisation. 
-But  you  must  observe,  that  whilst  a  body  may  be 
separated  from  its  solution  in  water  or  caloric 
simply  by  cooling  or  by  evaporation,  an  acid  can 
be  taken  from  a  metal  with  which  it  is  combined 
only  by  stronger  affinities,  which  produce  a  de¬ 
composition. 

EMILY. 

Are  the  perfect  metals  susceptible  of  being 
dissolved  and  converted  into  compound  salts  by 
acids  ? 

MRS.  B. 

Gold  is  acted  upon  by  only  one  acid,  the  nitro- 
munatic  acid,  commonly  called  aqua  regia.  This 
acid  is  itself  composed  of  a  mixture  of  the  nitric 
and  muriatic  acids.  Platina  is  also  acted  upon 

by  this  acid  only;  silver  is  dissolved  by  nitric 
acid.  J 

CAROLINE. 

I  think  you  said  that  some  of  the  metals  might 
be  so  strongly  oxidated  as  to  become  acid  ? 

MRS.  B. 

There  are  five  metals,  arsenic,  molybdena, 
chrome,  tungsten,  and  columbium,  which  are  sus¬ 
ceptible  of  combining  with  a  sufficient  quantity  of 
oxygen  to  be  converted  into  acids. 

CAROLINE. 

Acids  are  connected  with  metals  in  such  a  va- 
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riety  of  ways,  that  I  am  afraid  of  confusing  them 
in  my  mind.  In  the  first  place,  acids  will  yield 
their  oxygen  to  metals.  Secondly,  they  will  com¬ 
bine  with  them  in  their  state  of  oxide,  to  form 
compound  salts  :  and,  lastly,  several  of  the  metals 
are  themselves  susceptible  of  acidification. 

MRS.  B. 

Very  well ;  but  though  metals  have  so  great  an 
affinity  for  acids,  it  is  not  with  that  class  of  bodies 
alone  that  they  will  combine.  They  are  most  of 
them,  in  their  simple  state,  capable  of  uniting  with 
sulphur,  with  phosphorus,  with  carbon,  and  with 
each  other :  these  combinations,  according  to  the 
nomenclature  which  was  explained  to  you  on  a 
former  occasion,  are  called  sulphur  ets,  phosphorets , 
carburets ,  &c. 

The  metallic  phosphorets  offer  nothing  very 
remarkable.  The  sulphurets  form  the  peculiar 
kind  of  mineral  called  pyrites ,  from  Avhence  certain 
kinds  of  mineral  waters,  as  those  of  Harrowgate, 
derive  their  chief  chemical  properties.  In  this 
combination,  the  sulphur,  together  with  the  iron, 
has  so  strong  an  attraction  for  oxygen,  that  it  ob¬ 
tains  it  both  from  the  air  and  from  water,  and,  by 
condensing  it  in  a  solid  form,  produces  the  heat 
which  raises  the  temperature  of  the  water  in  such 
a  remarkable  degree. 

EMILY. 

But  if  pyrites  obtain  oxygen  from  water,  that 
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water  must  suffer  a  decomposition,  and  hydrogen 
gas  be  evolved. 

MRS.  B. 

That  is  actually  the  case  in  the  hot  springs 
alluded  to,  which  give  out  an  extremely  fetid  gas, 
composed  of  hydrogen,  impregnated  with  sulphur/ 

CAROLINE. 

It’  I  recollect  right,  steel  and  plumbago,  which 

you  mentioned  in  the  last  lesson,  are  both  carburets 
of  iron. 

MRS.  B. 

1  es ;  and  they  are  the  only  carburets  of  much 
consequence. 

A.  singulai  combination  of  metals  some  years 
ago  atti acted  the  attention  of  the  scientific  world: 

I  mean  the  meteouc  stones  which  fall  from  the 
atmosphere.  They  consist  principally  of  native  or 
pure  iron,  which  is  never  found  in  that  state  in  the 
bowels  of  the  earth;  and  contain  also  a  small  quan¬ 
tity  of  nickel  and  chrome,  a  combination  likewise 
unknown  in  the  mineral  kingdom. 

These  circumstances  led  many  scientific  persons 
to  believe  that  those  substances  fell  from  the  moon, 
or  some  other  planet,  while  others  thought  either 
that  they  were  formed  in  the  atmosphere,  or  were 
projected  into  it  by  some  unknown  volcano  on  the 
surface  of  our  globe. 

O 

CAROLINE. 

1  have  heard  much  of  these  stones,  but  I  believe 

vol.  i.  z 
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many  people  are  of  opinion  that  they  are  formed 
on  the  surface  of  the  earth,  and  laugh  at  their  pre¬ 
tended  celestial  origin. 

MRS.  B. 

The  fact  of  their  falling  is  so  well  ascertained, 
that  no  person,  who  has  at  all  investigated  the 
subject,  can  entertain  any  doubt  of  it.  Specimens 
of  these  stones  have  been  discovered  in  all  parts 
of  the  world,  and  to  each  of  them  some  tradition 
or  story  of  its  fall  has  been  found  connected.  And 
as  the  analysis  of  all  those  specimens  affords  pre¬ 
cisely  the  same  results,  there  is  strong  reason  to 
conjecture  that  they  all  proceed  from  the  same 
source. 

CAROLINE. 

But  pray,  Mrs.  B.,  how  can  solid  masses  of  iron 
and  nickel  be  formed  from  the  atmosphere,  which 
consists  of  the  two  airs,  nitrogen  and  oxygen  ? 

MRS.  B. 

I  really  do  not  see  how  they  could,  and  think  it 
much  more  probable  that  they  fall  from  the  moon, 
or  some  other  celestial  body.  —  But  we  must  not 
suffer  this  digression  to  take  up  too  much  of  our 
time. 

The  combinations  of  metals  with  each  other  are 
called  alloys ;  thus  brass  is  an  alloy  of  copper  and 
zinc  ;  bronze,  of  copper  and  tin,  &c.  The  beautiful 
art  of  bronzing  is  founded  on  the  extreme  malle¬ 
ability  of  copper.  The  copper  is  first  beaten  out 
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into  a  thin  leaf,  and  afterwards  pulverised,  in 

which  state  it  may  be  applied  to  paper,  linen, 

Gather,  and  a  variety  of  other  substances. 

EMILY. 

And  is  not  pewter  also  a  combination  of  metal? 

MRS.  B. 

It  is.  The  pewter  made  in  this  country  is 
mostly  composed  of  tin,  with  a  very  small  propor¬ 
tion  of  zinc  and  lead.  1 

CAROLINE. 

Block-tin  is  a  kind  of  pewter,  I  believe  ? 

MRS.  B. 

Properly  speaking,  block-tin  means  tin  in  blocks, 
or  square  massive  ingots;  but  in  the  sense  in  which 
it  is  used  by  common  workmen,  it,  is  iron  plated 
with  tin,  which  renders  it  more  durable,  as  tin, 
you  know,  will  not  rust.  Tin  alone,  however,’ 
would  be  too  soft  a  metal  to  be  worked  for  common 
use,  and  all  tin  vessels  and  utensils  are,  in  fact, 
made  ot  thin  plates  of  iron,  coated  with  tin,  which 
prevents  the  iron  from  rusting 

o 

CAROLINE. 

Say  rather  oxidating ,  Mrs.  B.  —  Bust  is  a  word 
which  should  be  exploded  in  chemistry. 

MRS.  B. 

Take  care,  however,  not  to  introduce  the  word 
oxidate,  instead  or  rust,  in  general  conversation  ; 
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for  you  would  probably  not  be  understood,  and 
you  might  be  suspected  of  affectation. 

Metals  differ  very  much  in  their  affinity  for  each 
other ;  some  will  not  unite  at  all,  others  readily 
combine  together,  and  on  this  property  of  metals 
the  art  of  soldering  depends. 

EMILY. 

What  is  soldering? 

MRS.  B. 

It  is  joining  two  pieces  of  metal  together,  by  a 
more  fusible  metal  interposed  between  them.  Thus 
tin  is  a  solder  for  lead ;  brass,  gold,  or  silver,  are 
solder  for  iron,  &c. 

CAROLINE. 

And  is  not  plating  metals  something  of  the  same 
kind  ? 

MRS.  B. 

In  the  operation  of  plating  two  metals  are  united, 
one  being  covered  with  the  other,  but  without  the 
intervention  of  a  third :  iron  or  copper  may  thus 
be  covered  with  silver. 

EMILY. 

Pray  is  not  mercury  of  a  very  different  nature 
from  the  other  metals  ? 

MRS.  B. 

One  of  its  greatest  peculiarities  is,  that  it  retains 
a  fluid  state  at  the  temperature  of  the  atmosphere. 
All  metals  are  fusible  at  different  degrees  of  heat, 
and  they  have  likewise  each  the  property  of  freezing 
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or  becoming  solid  at  a  certain  fixed  temperature. 
Mercury  congeals  only  at  seventy-two  degrees 
below  the  freezing  point. 

EMILY. 

That  is  to  say,  that  in  order  to  freeze,  it  requires 
a  temperature  seventy-two  degrees  below  that  at 
which  water  freezes.  But  is  the  temperature  of 
the  atmosphere  ever  so  low  as  that  ? 

MRS.  B. 

Yes,  often  in  Siberia;  but,  happily,  never  in 
this  part  of  the  globe.  Here,  however,  mercury 
may  be  congealed  by  artificial  cold ;  I  mean  such 
intense  cold  as  can  be  produced  by  some  chemical 
mixtures,  or  by  the  rapid  evaporation  of  ether 
under  the  air-pump.* 

CAROLINE. 

And  can  mercury  be  made  to  boil  and  eva¬ 
porate  ? 

MRS.  B. 

Y  es,  like  any  other  liquid ;  only  it  requires  a 
much  greater  degree  of  heat.  At  the  temperature 
of  six  hundred  degrees  it  begins  to  boil  and  eva¬ 
porate  like  water. 

Mercury  combines  with  gold,  silver,  tin,  and 
with  several  other  metals  ;  and,  if  mixed  with  any 
of  them  in  a  sufficient  proportion,  it  penetrates 
the  solid  metal,  softens  it,  loses  its  own  fluidity, 

*  By  a  process  analogous  to  that  described,  page  142.  of 
this  volume. 
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and  composes  amalgam,  which  is  the  name  given 
to  the  combination  of  any  metal  with  mercury, 
forming  a  substance  more  or  less  solid,  according 
as  the  mercury  or  the  other  metal  predominates. 
It  is  in  this  state  that  mercury  is  used  for  gilding. 
Amalgamated  with  gold  it  is  spread  over  the  sub¬ 
stance  to  be  gilt,  which  retains  the  gold,  whilst 
the  mercury  is  evaporated  by  heat.  But  this  pro¬ 
cess  is  attended  by  two  disadvantages  ;  the  mer¬ 
cury  is  expensive,  and  also  injurious  to  the  health 
of  the  workmen  who  use  it.  This  has  induced 
many  chemists  to  endeavour  to  discover  some 
means  of  gilding  without  the  intervention  of  so 
deleterious  a  metal.  Both  in  this  country  and 
in  Germany  oxide  of  gold  has  been  recently  sub¬ 
stituted  for  the  amalgam  of  gold,  and  with  con¬ 
siderable  efficacy ;  but  the  most  successful  mode 
has  been  lately  discovered  by  Professor  He  la  Hive, 
of  Geneva.  He  has  applied  the  Voltaic  battery, 
which  you  know  possesses  the  property  of  decom¬ 
posing  bodies,  to  the  art  of  gilding. 

EMILY. 

And  how  does  he  accomplish  this  ? 

MES.  B. 

In  the  following  manner.  He  incloses  a  weak 
solution  of  muriate  of  gold  in  a  cylindrical  bag 
made  of  bladder,  the  bag  itself  being  immersed  in 
a  vessel  of  water  slightly  acidulated  by  nitric  or 
sulphuric  acid.  The  substance  to  be  gilt  (let  us 
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suppose  it  to  be  a  silver  spoon)  is  fixed  to  one 
end  of  a  metallic  wire,  the  other  end  of  which  is 
soldeied  to  a  small  plate  of  zinc.  13  y  means  of 
this  little  battery,  composed  of  the  plate  of  zinc, 
which  constitutes  the  positive  pole,  the  silver 
spoon,  which  represents  the  negative  pole,  and  the 
acidulated  water,  an  electric  current  is  produced. 
—  IS  ow,  can  you  tell  me  what  will  occur  ? 

EMILY. 

I  suppose  the  electric  current  decomposes  the 
muriate  of  gold,  and  deposits  the  metal  on  the 
surface  of  the  spoon. 

MRS.  B. 

J ust  so ;  a  thin  coating  of  gold  is  precipitated 
on  the  spoon. 

CAROLINE. 

That  is  very  curious  ;  and  how  long  is  it  in 
producing  this  effect  ? 

MRS.  B. 

Immersion  for  one  or  two  minutes  is  sufficient  for 
obtaining  the  gold  coating ;  but  in  order  to  render 
it  more  brilliant  and  durable,  the  operation  should 
be  repeated  three  or  four  times,  taking  care  to 
wipe  the  spoon  carefully  between  each  immersion. 

This  ingenious  process  has  been  much  improved, 
and  is  now  applied  in  manufactories  to  all  the 
metals.  The  salt  of  gold  generally  used  is  the 
cyanuret  or  sulphuret,  which  have  been  found  more 
advantageous  than  the  muriate  or  chloruret  of  that 
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metal.  All  the  metals  may,  by  the  same  means, 
be  precipitated  on  moulds  made  either  of  metal  or 
of  other  substances,  rendered  conductive  of  the 
electric  current.  A  new  art,  under  the  name  of 
electric  metallurgy ,  has  been  founded  on  these 
principles.  By  means  of  a  little  battery,  and  a  salt 
of  copper,  medals,  or  any  other  object,  may  be  ac¬ 
curately  copied  in  solid  copper ;  and  even  large 
statues  are  now  fabricated  of  this  metal  in 
Russia,  under  the  patronage  of  the  Prince  of 
Leuchtenberg,  on  plaster  moulds  dipped  in  enor¬ 
mous  casks  filled  with  a  solution  of  the  copper  salt. 
Insects,  plants,  and  other  perishable  substances 
may  be  indefinitely  preserved  by  coating  them,  by 
means  of  the  electric  agency,  with  a  metallic 
covering,  which  preserves  their  most  delicate  fibres 
and  sinuosities.  It  is  even  highly  probable  that 
the  same  powerful  agency  will  be  ultimately  ap¬ 
plied  to  the  purpose  of  extracting  the  metals  from 
their  respective  ores. 

EMILY. 

In  the  list  of  metals  there  are  some  whose  names 
T  have  never  before  heard  mentioned. 

MRS.  B. 

Besides  those  which  Sir  H.  Davy  has  obtained, 
there  are  several  that  have  been  more  recently 
discovered,  and  whose  properties  are  yet  but  little 
known ;  as,  for  instance,  titanium,  which  was  dis¬ 
covered  by  the  Rev.  Mr.  Gregor,  in  the  tin  mines 
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of  Cornwall;  columbium  or  tantalium,  discovered 
by  Mr.  Hatchet;  and  osmium,  iridium,  palla¬ 
dium,  and  rhodium,  all  of  which  Dr.  Wollaston 
and  Mr.  Tennant  found  mixed  in  minute  quan¬ 
tities  with  crude  platina,  and  the  distinct  existence 
of  which  they  proved  by  curious  and  delicate  ex¬ 
periments.  More  recently,  Professor  Berzelius 
has  discovered,  in  a  pyritic  ore,  at  Fahlun,  in 
Sweden,  a  metallic  substance,  which  he  has  called 
selenium ,  and  which  has  the  singular  peculiarity  of 
assuming  the  form  of  a  yellow  gas  when  heated  in 
close  vessels.  In  some  of  its  properties  this  sub¬ 
stance  seems  to  hold  a  medium  between  the  com¬ 
bustibles  and  the  metals.  It  bears,  in  particular, 
a  strong  analogy  to  sulphur. 

CAROLINE. 

Arsenic  has  been  mentioned  amongst  the  me¬ 
tals.  I  had  no  notion  that  it  belonged  to  that 
class  of  bodies,  for  I  had  never  seen  it  but  as  a 
powder,  and  never  thought  of  it  but  as  a  deadly 
poison. 

MRS.  B. 

In  its  pure  metallic  state,  I  believe,  it  is  less 
poisonous ;  but  it  has  so  great  an  affinity  for  oxy¬ 
gen,  that  it  absorbs  it  from  the  atmosphere  at  its 
natural  temperature :  you  have  seen  it,  therefore, 
only  in  its  state  of  oxide,  when,  from  its  combina¬ 
tion  with  oxygen,  it  has  acquired  its  very  poison¬ 
ous  properties. 
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CAROLINE. 

It  is  possible  that  oxygen  can  impart  poisonous 
qualities  ?  • — -  that  valuable  substance  which  pro¬ 
duces  light  and  fire;  and  which  all  bodies  in  nature 
are  so  eager  to  obtain  ? 

MRS.  B. 

Most  of  the  metallic  oxides  are  poisonous,  and 
derive  this  property  from  their  union  with  oxygen. 
The  white  lead,  so  much  used  in  paint,  owes  its  per¬ 
nicious  properties  to  oxygen.  In  general,  oxygen, 
in  a  concrete  state,  appears  to  be  particularly  de¬ 
structive  in  its  effects  on  flesh  or  any  animal  mat¬ 
ter  :  and  those  oxides  are  most  caustic  that  have 
an  acrid  burning  taste,  which  proceeds  from  the 
metal  having  but  a  slight  affinity  for  oxygen,  and 
therefore  easily  yielding  it  to  the  flesh,  which  it 
corrodes  and  destroys. 

EMILY. 

What  is  the  meaning  of  the  word  caustic,  which 
you  have  just  used  ? 

MRS.  B. 

It  expresses  that  property  which  some  bodies 
possess,  of  disorganising  and  destroying  animal 
matter,  by  operating  a  kind  of  combustion,  or  at 
least  a  chemical  decomposition.  You  must  have 
heard  of  caustic  used  to  burn  warts,  or  other 
excrescences;  most  of  these  bodies  owe  their  de¬ 
structive  power  to  the  oxygen  with  which  they 
are  combined.  The  common  caustic,  called  lunar 
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caustic ,  is  a  compound  formed  by  the  union  of 
nitric  acid  and  silver;  and  it  is  supposed  to  owe 

its  caustic  qualities  to  the  oxygen  contained  in  the 
nitric  acid. 


CAROLINE. 

But,  pray,  are  not  acids  still  more  caustic  than 
oxides,  as  they  contain  a  greater  proportion  of 
oxygen  ? 


MRS.  B. 


Some  of  the  acids  are;  but  the  caustic  property 
of  a  body  depends  not  only  upon  the  quantity  of 
Ox)'oen  which  it  contains,  but  also  upon  its  slight 
affinity  for  that  principle,  and  the  consequent 
facility  with  which  it  yields  it. 


EMILY. 

Is  not  tnis  destructive  property  of  oxygen  ac¬ 
counted  for  ? 

MRS.  B. 

It  pioceeds,  probably,  from  the  strong  attraction 
of  oxygen  for  hydrogen;  for  if  the  one  rapidly  ab¬ 
sorb  the  other  from  the  animal  fibre,  a  disorgan¬ 
isation  of  the  substance  must  ensue. 


EMILY. 

Caustics  are,  then,  very  properly  said  to  burn 
the  fle&h,  since  the  combination  of  oxygen  and 
hydrogen  is  an  actual  combustion. 


CAROLINE. 

Now,  I  think,  this  effect  "would  be 


more  pro- 
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perly  termed  an  oxidation,  as  there  is  no  disen¬ 
gagement  of  light  and  heat. 

MRS.  B. 

But  there  is  a  strong  sensation  of  heat  produced 
by  the  action  of  caustics. 

EMILY. 

If  oxygen  is  so  caustic,  why  does  not  that  which 
is  contained  in  the  atmosphere  burn  us  ? 

MRS.  B. 

Because  it  is  in  a  gaseous  state,  and  has  a 
greater  attraction  for  its  caloric  than  for  the  hy¬ 
drogen  of  our  bodies.  Besides,  should  the  air  be 
slightly  caustic,  we  are  in  a  great  measure  shel¬ 
tered  from  its  effects  by  the  skin ;  you  know  how 
much  a  wound,  however  trifling,  smarts  on  being 
exposed  to  it. 

CAROLINE. 

It  is  a  curious  idea,  however,  that  we  should 
live  in  a  slow  fire.  But  if  the  air  were  caustic, 
would  it  not  have  an  acrid  taste  ? 

MRS.  B. 

It  possibly  may  have  such  a  taste ;  though  in  so 
slight  a  degree,  that  custom  has  rendered  it  insen¬ 
sible. 

CAROLINE. 

And  why  is  not  water  caustic?  When  I  dip  my 
hand  into  water,  though  cold,  it  ought  to  burn  me, 
from  the  caustic  nature  of  its  oxygen. 
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MRS.  B. 

1  our  hand  does  not  decompose  the  water ;  the 
oxygen  in  that  state  is  much  better  supplied  with 
h\  drogen  than  it  would  be  by  animal  matter;  and 
if  its  causticity  depend  on  its  affinity  for  that  prin- 
ciple,  it  will  be  very  far  from  quitting  its  state  of 
water  to  act  upon  your  hand.  You  must  not  for¬ 
get  that  oxides  are  caustic  in  proportion  as  the 
oxygen  adheres  slightly  to  them. 

EMILY. 

Since  the  oxide  of  arsenic  is  poisonous,  its  acid, 
I  suppose,  is  fully  as  much  so  ? 

MRS.  B. 

1  es ;  it  is  one  of  the  strongest  poisons  in  nature. 

EMILY. 

iheie  is  a  poison  called  verdigris ,  which  forms 
on  brass  and  copper  when  not  kept  very  clean ; 
and  this,  I  have  heard,  is  an  objection  to  these 
metals  being  made  into  kitchen  utensils.  Is  this 
poison  likewise  occasioned  by  oxygen  ? 

MRS.  B. 

It  is  produced  by  the  intervention  of  oxygen; 
for  verdigris  is  a  compound  salt  formed  by  the 
union  of  vinegar  and  copper;  it  is  of  a  beautiful 
gieon  coloui,  and  much  used  in  painting. 

EMILY. 

But,  I  believe,  verdigris  is  often  formed  on 

copper  when  no  vinegar  has  been  in  contact  with 

it. 
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MRS.  B. 

Not  real  verdigris,  but  other  salts,  somewhat 
resembling  it,  may  be  produced  by  the  action  of 
other  acids  on  copper. 

The  solution  of  copper  in  nitric  acid,  if  evapo¬ 
rated,  affords  a  salt  which  produces  an  effect  on 
tin  that  will  surprise  you ;  and  1  have  prepared 
some  from  the  solution  we  made  before,  that  I 
might  show  it  to  you.  I  shall  first  sprinkle  some 
water  on  this  piece  of  tin-foil,  and  then  some  of 
the  salt.  —  Now  observe  that  I  fold  it  up  suddenly, 
and  press  it  into  one  lump. 

CAROLINE. 

What  a  prodigious  vapour  issues  from  it !  and 
now  there  are  sparks  of  fire ! 

MRS.  B. 

I  thought  it  would  surprise  you.  The  effect, 
however,  I  dare  say,  you  could  account  for,  since 
it  is  merely  the  consequence  of  the  oxygen  of  the 
salt  rapidly  entering  into  a  closer  combination  with 
the  tin. 

There  is  also  a  beautiful  green  salt,  too  curious 
to  be  omitted ;  it  is  produced  by  the  combination 
of  cobalt  with  muriatic  acid,  which  has  the  singular 
property  of  forming  what  is  called  sympathetic  ink. 
Characters  written  with  this  solution  are  invisible 
when  cold,  but  when  a  gentle  heat  is  supplied,  they 
assume  a  fine  blueish  green  colour. 
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CAROLINE. 

I  think  one  might  draw  very  curious  landscapes 

with  the  assistance  of  this  ink.  I  would  first  make 

a  water-colour  drawing  0f  a  winter  scene,  in  which 

the  trees  should  be  leafless,  and  the  grass  scarcely 

green ;  I  would  then  trace  all  the  verdure  with 

the  invisible  ink,  and  whenever  I  chose  to  create 

spiing,  I  should  hold  it  before  the  fire,  and  its 

warmth  would  cover  the  landscape  with  a  rich 
ioliao'e. 

O 

MRS.  B. 

That  would  be  a  very  amusing  experiment,  and 
1  advise  you  by  all  means  to  try  it. 

I  have  promised  to  conclude  our  revision  of  the 
simple  bodies  by  introducing  to  your  acquaintance 
the  curious  metals  discovered  by  Sir  H.  Davy.  I 
shall  confine  myself  to  a  very  short  account  of 
them,  as  it  is  more  important  to  point  out  to  you 
the  vast  and  apparently  inexhaustible  field  of  re¬ 
search  which  has  been  thrown  open  to  our  view 
by  Sir  H.  Davy’s  memorable  discoveries,  than  to 
enter  into  a  minute  account  of  particular  bodies 
or  experiments. 

CAROLINE. 

But  I  have  heard  that  these  discoveries,  however 
splendid  and  extraordinary,  are  rather  objects  of 
curiosity  than  of  use,  and  are  not  very  likely  to 
prove  of  great  benefit  to  the  world. 

MRS,  B. 

Such  may  be  the  illiberal  conclusions  of  the 
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ignorant  and  narrow-minded:  but  those  who  can 
duly  estimate  the  advantages  of  enlarging  the 
sphere  of  science,  must  be  convinced  that  the  ac¬ 
quisition  of  every  new  fact,  however  unconnected 
it  may  at  first  appear  with  practical  utility,  must 
ultimately  prove  beneficial  to  mankind.  But  these 
remarks  are  scarcely  applicable  to  the  present 
subject ;  for  some  of  the  new  metals  have  already 
proved  eminently  useful  as  chemical  agents,  and 
are  likely  soon  to  be  employed  in  the  arts.  For 
the  enumeration  of  these  metals,  I  must  refer  you 
to  the  3d  and  4th  division  of  the  3d  class  of  our 
list  of  simple  bodies ;  they  are  derived  from  the 
alkalies,  the  earths,  and  three  of  the  acids,  all  of 
which  had  been  hitherto  considered  as  undecom- 
poundable  or  simple  bodies. 

When  Sir  H.  Davy  first  turned  his  attention  to 
the  effects  of  the  Voltaic  battery,  he  tried  its 
powrer  on  a  variety  of  compound  bodies,  and  gra¬ 
dually  brought  to  light  a  number  of  new  and  in¬ 
teresting  facts,  which  led  the  way  to  more  impor¬ 
tant  discoveries. 

The  facility  with  which  compound  bodies  yielded 
to  the  Voltaic  electricity  induced  him  to  make 
trial  of  its  effects  on  substances  hitherto  considered 
as  simple,  but  which  he  suspected  of  being  com¬ 
pound,  and  his  researches  were  soon  crowned  with 
the  most  complete  success. 

The  body  which  he  first  submitted  to  the  Vol¬ 
taic  battery,  and  which  had  never  yet  been  decom-  - 
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posed,  was  one  of  the  fixed  alkalies,  called  potash. 
This  substance  gave  out  an  elastic  fluid  at  the 
positive  wire,  which  was  ascertained  to  be  oxygen, 
and  at  the  negative  wire,  small  globules  of  a  very 
high  metallic  lustre,  very  similar  in  appearance  to 
mercury;  thus  proving  that  potash,  which  had 
hitherto  been  considered  as  a  simple  incombusti¬ 
ble  body,  was,  in  fact,  a  metallic  oxide ;  and  that 
its  incombustibility  proceeded  from  its  being  al¬ 
ready  combined  with  oxygen. 

EMILY. 

I  suppose  the  wires  used  in  this  experiment 
were  of  platma,  as  they  were  when  you  decom¬ 
posed  water ;  for  if  of  iron,  the  oxygen  would 
have  combined  with  the  wire,  instead  of  appear¬ 
ing  in  the  form  of  gas. 

MRS.  B, 

Certainly:  the  metal,  however,  would  equally 
have  been  disengaged.  Sir  H.  Davy  has  distin¬ 
guished  this  new  substance  by  the  name  of  potas¬ 
sium,  which  is  derived  from  that  of  the  alkali 
from  which  it  is  procured.  I  have  some  small 
pieces  of  it  in  this  phial,  but  you  have  already  seen 

it,  as  it  is  the  metal  which  we  burnt  in  contact 
with  sulphur. 

EMILY. 

What  is  the  liquid  in  which  you  keep  it  ? 

MRS.  B. 

It  is  naphtha,  a  bituminous  liquid,  with  which  I 
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shall  hereafter  make  you  acquainted.  It  is  almost 
the  only  fluid  in  which  potassium  can  be  preserved, 
as  it  contains  no  oxygen ;  and  this  metal  has  so 
powerful  an  attraction  for  oxygen,  that  it  will  not 
only  absorb  it  from  the  air,  but  likewise  from 
water,  or  any  body  whatever  in  which  it  is  con¬ 
tained. 

EMILY. 

This,  then,  is  one  of  the  bodies  which  oxidates 
spontaneously  without  the  application  of  heat  ? 

MRS.  B. 

Yes ;  and  it  has  this  remarkable  peculiarity, 
that  it  attracts  oxygen  much  more  rapidly  from 
water  than  from  air ;  so  that  when  thrown  into 
water,  however  cold,  it  actually  bursts  into  flame. 
I  shall  now  throw  a  small  piece,  about  the  size  of 
a  pin’s  head,  on  this  drop  of  water. 

CAROLINE. 

It  instantaneously  exploded,  producing  a  little 
flash  of  light !  This  is,  indeed,  a  most  curious 
substance. 

MRS.  B. 

By  its  combustion  it  is  reconverted  into  potash ; 
and  as  potash  is  now  decidedly  a  compound  body, 
I  shall  not  enter  into  any  of  its  properties  till  we 
have  completed  our  review  of  the  simple  bodies  ; 
but  we  may  here  make  a  few  observations  on  its 
basis,  potassium.  If  this  substance  be  left  in  con¬ 
tact  with  air,  it  rapidly  returns  to  the  state  of 
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potash,  with  a  disengagement  of  heat,  but  without 
any  flash  of  light. 

EMILY. 

Is  it  not  very  singular  that  it  should  bum  better 
in  water  than  in  air  ? 

CAROLINE. 

I  do  not  think  so  :  for  if  the  attraction  of  potas¬ 
sium  foi  oxygen  be  so  strong  that  it  finds  no  more 
difficulty  in  separating  it  from  the  hydrogen  in 
water  than  in  absorbing  it  from  the  air,  it  will,  no 
doubt,  be  more  amply  and  rapidly  supplied  by 
water  than  by  air. 

MRS.  B. 

That  cannot,  however,  be  precisely  the  reason : 
for  when  potassium  is  introduced  under  water, 
without  contact  of  air,  the  combustion  is  not  so 
rapid ;  and,  indeed,  in  that  case,  there  is  no  lumi¬ 
nous  appearance  ;  but  a  violent  action  takes  place, 
much  heat  is  excited,  the  potash  is  regenerated 
and  hydrogen  gas  is  evolved. 

Potassium  is  so  eminently  combustible,  that  in¬ 
stead  of  requiring,  like  other  metals,  an  elevation 
of  temperature,  it  will  burn  rapidly  in  contact  with 
water,  even  below  the  freezing  point.  This  you 

may  witness  by  throwing  a  piece  on  this  lump  of 
ice. 

CAROLINE. 

It  again  exploded  with  flame,  and  has  made  a 
deep  hole  in  the  ice. 
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MRS.  B. 

This  hole  contains  a  solution  of  potash ;  for  the 
alkali,  being  extremely  soluble,  disappears  in  the 
water  at  the  instant  it  is  produced.  Its  presence, 
however,  may  be  easily  ascertained,  alkalies  having 
the  property  of  changing  yellow  paper,  stained 
with  turmeric,  to  a  red  colour  :  if  you  dip  one 
end  of  this  slip  of  paper  into  the  hole  in  the  ice, 
you  will  see  it  change  colour,  and  the  same  if  you 
wet  it  with  a  drop  of  water  in  which  the  first  piece 
of  potassium  was  burnt. 

CAROLINE. 

It  has,  indeed,  changed  the  paper  from  yellow 
to  red. 

MRS.  B. 

This  metal  will  burn  likewise  in  carbonic  acid 
gas,  a  gas  which  had  always  been  supposed  inca¬ 
pable  of  supporting  combustion,  as  we  were  unac¬ 
quainted  with  any  substance  which  had  a  greater 
attraction  for  oxygen  than  carbon.  Potassium, 
however,  readily  decomposes  this  gas  by  absorb¬ 
ing  its  oxygen,  as  I  shall  show  you.  This  retort 
is  filled  with  carbonic  acid  gas.  I  will  put  a  small 
piece  of  potassium  in  it ;  but  for  this  combustion 
a  slight  elevation  of  temperature  is  required,  for 
which  purpose  I  shall  hold  the  retort  over  the 
lamp. 

CAROLINE. 

Now  it  has  taken  fire,  and  burns  with  violence  ; 
it  has  burst  the  retort. 
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MRS.  B. 

Here  is  the  piece  of  regenerated  potash  :  can 
you  tell  me  why  it  has  become  so  black  ? 

EMILY. 

N°  doubt  it  is  blackened  by  the  carbon,  which, 
when  its  oxygen  entered  into  combination  with 
the  potassium,  was  deposited  on  its  surface. 

MRS.  B. 

You  are  right.  Potassium  is  perfectly  fluid  at 
the  temperature  of  one  hundred  degrees  ;  at  fifty 
degrees  it  is  solid,  but  soft  and  malleable;  at 
thirty-two  degrees  it  is  hard  and  brittle,  and  its 
fracture  exhibits  an  appearance  of  confused  crys¬ 
tallisation.  It  is  scarcely  more  than  half  as  heavy 
as  water :  its  specific  gravity  being  about  six  when 
water  is  reckoned  at  ten :  so  that  this  metal  is 
actually  lighter  than  any  known  liquid,  even  than 
ether. 

Potassium  combines  with  sulphur  and  phos¬ 
phorus,  forming  sulphurets  and  phosphorets;  it 
likewise  forms  alloys  with  several  metals,  and  amal¬ 
gamates  with  mercury. 

CAROLINE. 

How  very  singular  that  a  metal  should  be  lighter 
than  any  liquid  !  But  can  a  sufficient  quantity 
of  potassium  be  obtained,  by  means  of  the  Voltaic 
battery,  to  admit  of  all  its  properties  and  re¬ 
lations  to  other  bodies  being  satisfactorily  ascer¬ 
tained  ? 
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MRS.  B. 

Not  easily.  I  must  not  neglect  to  inform  you 
that  a  method  of  obtaining  this  metal  in  consider¬ 
able  quantities  has  since  been  discovered.  Two 
eminent  French  chemists,  Messrs.  Thenard  and 
Gay  Lussac,  stimulated  by  the  triumph  which 
Sir  H.  Davy  had  obtained,  attempted  to  separate 
potassium  from  its  combination  with  oxygen,  by 
common  chemical  means,  and  without  the  aid  of 
electricity.  They  caused  red-hot  potash  in  a  state 
of  fusion  to  filter  through  iron-turnings  in  an  iron 
tube,  heated  to  whiteness.  Their  experiment  was 
crowned  with  the  most  complete  success  ;  more 
potassium  was  obtained  by  this  single  operation 
than  could  have  been  collected  in  many  weeks  by 
the  most  diligent  use  of  the  Voltaic  battery. 

EMILY. 

In  this  experiment,  I  suppose  the  oxygen  quitted 
its  combination  with  the  potassium  to  unite  with 
the  iron  turnings  ? 

MRS.  B. 

Exactly  so ;  and  the  potassium  was  thus  ob¬ 
tained  in  its  simple  state.  From  that  time  it  has 
become  a  most  convenient  and  powerful  instru¬ 
ment  of  deoxygenation  in  chemical  experiments. 
This  important  improvement,  engrafted  on  Sir 
H.  Davy’s  previous  discoveries,  served  but  to  add 
to  his  glory,  since  the  facts  which  he  had  esta¬ 
blished,  when  possessed  of  only  a  few  atoms  of 
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this  curious  substance,  and  the  accuracy  of  his 
analytical  statements,  were  all  confirmed  when  an 
opportunity  occurred  of  repeating  his  experiments 
upon  this  substance,  which  can  now  be  obtained 
in  unlimited  quantities. 

CAROLINE. 

What  a  satisfaction  Sir  H.  Davy  must  have  felt, 
when  by  an  effort  of  genius  he  succeeded  in  bring¬ 
ing  to  light,  and  actually  giving  existence  to  these 
curious  bodies ! 

MRS.  B. 

The  next  substance  which  Sir  H.  Davy  sub¬ 
mitted  to  the  influence  of  the  Voltaic  battery  was 
Soda,  the  other  fixed  alkali,  which  yielded  to  the 
same  powers  of  decomposition  ;  from  this  alkali  a 
metallic  substance  was  also  obtained,  very  ana¬ 
logous  in  its  properties  to  that  which  had  been 
discovered  in  potash ;  Sir  H.  Davy  has  called  it 
sodium.  It  is  rather  heavier  than  potassium, 
though  considerably  lighter  than  water ;  it  is  not 
so  easily  fusible  as  potassium. 

Encouraged  by  these  extraordinary  results,  Sir 
H.  Davy  next  performed  a  series  of  beautiful  ex¬ 
periments  on  Ammonia,  or  the  volatile  alkali,  which, 
from  analogy,  he  was  led  to  suspect  might  also 
contain  oxygen.  This  he  could  not  prove,  as  he 
did  not  succeed  in  obtaining  the  basis  of  ammonia 
under  any  other  forms  than  those  of  hydrogen  or 
nitrogen  gases.  The  metallic  amalgams  give  out 
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these  gases  when  they  are  destroyed,  and  if  the 
basis  of  ammonia  be  a  metal,  its  oxides  would  be 
hydrogen  and  nitrogen.  When  ammonia  under  a 
gaseous  form  is  made  to  pass  over  red-hot  iron 
filings,  these  become  white  and  brittle,  but  do  not 
increase  in  weight,  and,  consequently,  do  not  ex¬ 
perience  any  oxidation. 

Thus,  then,  the  three  alkalies,  two  of  which 
had  always  been  considered  as  simple  bodies, 
have  now  lost  all  claim  to  that  title,  and  I  have 
accordingly  classed  the  alkalies  amongst  the  com¬ 
pounds,  whose  properties  we  shall  treat  of  in  a 
future  conversation. 

The  other  newly  discovered  metals  are  obtained 
from  the  earths,  which  became  next  the  object  of 
Sir  H.  Davy’s  researches  ;  these  bodies  had  never 
yet  been  decomposed,  though  they  were  strongly 
suspected  not  only  of  being  compounds,  but  of 
being  metallic  oxides.  From  the  circumstance  of 
their  incombustibility  it  was  conjectured,  with  some 
plausibility,  that  they  might  possibly  be  bodies 
which  had  been  already  burnt. 

CAROLINE. 

And  metals,  when  oxidated,  become,  to  all  ap¬ 
pearance,  a  kind  of  earthy  substance. 

MRS.  B. 

They  have,  besides,  several  features  of  resem¬ 
blance  with  metallic  oxides;  Sir  H.  Davy  had, 
therefore,  great  reason  to  be  sanguine  in  his  ex- 
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pectations  of  decomposing  them,  and  he  was  not 
disappointed.  He  could  not,  however,  succeed  in 
obtaining  the  basis  of  the  earths  in  a  pure  separate 
state  ;  but  metallic  alloys  were  formed  with  other 
metals,  which  sufficiently  proved  the  existence  of 
the  metallic  basis  of  the  earths. 

The  last  class  of  new  metallic  bodies  which  Sir 
H.  Davy  discovered  was  obtained  from  the  three 
undecompounded  acids,  the  boracic,  the  fluoric, 
and  the  muriatic  acids ;  but  as  you  are  entirely 
unacquainted  with  these  bodies,  I  shall  reserve  the 
account  of  their  decomposition  till  we  come  to  treat 
of  their  properties  as  acids. 

Thus  in  the  course  of  two  years,  by  the  unpa¬ 
ralleled  exertions  of  a  single  individual,  chemical 
science  assumed  a  new  aspect.  Bodies  were 
brought  to  light  which  the  human  eye  never  be¬ 
fore  beheld,  and  which  might  have  remained  eter¬ 
nally  concealed  under  their  impenetrable  disguise. 

.  1S  ^possible  at  the  present  period  to  appre¬ 
ciate  to  their  full  extent  the  consequences  which 
science  or  the  arts  may  derive  from  these  dis¬ 
coveries;  we  may,  however,  anticipate  the  most 
important  results. 

In  chemical  analysis  we  are  now  in  possession 
of  more  energetic  agents  of  decomposition  than 
were  ever  before  known. 

In  geology  new  views  are  opened,  which  will  pro¬ 
bably  much  further  develope  that  interesting  but 
difficult  science.  It  is  already  proved  that  all  the 
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earths,  and,  in  fact,  the  solid  surface  of  this  globe, 
are  metallic  bodies  mineralised  by  oxygen ;  and  as 
our  planet  has  been  calculated  to  be  considerably 
more  dense  upon  the  whole,  than  it  is  on  the  sur¬ 
face,  it  is  reasonable  to  suppose  that  the  interior 
of  the  earth  is  composed  of  a  metallic  mass,  the 
surface  of  which  only  has  been  mineralised  by  the 
atmosphere. 

The  eruptions  of  volcanos,  those  stupendous 
problems  of  nature,  admit  now  of  an  easy  ex¬ 
planation.  For  if  the  interior  of  the  earth  be 
the  grand  recess  of  these  newly-discovered  inflam¬ 
mable  bodies,  whenever  water  penetrates  into  them, 
combustions  and  explosions  must  take  place  ;  and 
it  is  remarkable  that  the  lava  which  is  thrown 
out  consists  of  the  combination  of  substances  which 
might  be  expected  to  result  from  these  com¬ 
bustions. 

I  must  now  take  my  leave  of  you  ;  we  have  had 
a  very  long  conversation  to-day,  and  I  hope 
you  will  be  able  to  recollect  what  you  have  learnt. 
At  our  next  interview  we  shall  enter  on  a  new 
branch  of  chemistry. 


END  OF  THE  FIRST  VOLUME. 
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NEW  WORKS  and  NEW  EDITIONS 


PUBLISHED  BY 

Messes.  LONGMAN,  BROWN,  GREEN,  and  LONGMANS. 


ACTON  (MISS).— MODERN  COOKERY, 

In  all  its  Branches,  reduced  to  a  System  of  Easy  Practice.  For  the  use  of  Private  Families. 
In  a  Series  of  Practical  Receipts,  all  of  which  have  been  strictly  tested,  and  are  given  with 
the  most  minute  exactness.  By  Eliza  Acton.  New  Edition,  to  which  are  added,  Directions 
for  Carving.  Foolscap  8vo.  with  Plates  and  Woodcuts,  7s.  G d.  cloth. 

“  Th e  whole  n f  Miss  Acton's  recipes  ‘  with  a  fete  trifling  exceptions,  which  are  scrupulously 
specified,  are  confined  to  such  as  may  be  perjectlo  depended  on,  from  having  been  proved 
beneath  our  own  roof,  and  under  our  own  personal  inspection.'  We  add,  moreover,  that  the 
recipes  are  all  reasonable,  and  never  in  any  instance  extravagant.  They  do  not  bid  us 
sacrifice  ten  pounds  of  excellent  meat,  that  we  may  get  a  couple  of  quarts  of  gravy  from  it; 
nor  do  they  deal  with  butter  and  eggs  as  if  they  cost  nothing.  Miss  Acton's  book  is  a  good 
book  in  every  way  ;  there  is  right-mindedness  in  every  page  of  it,  as  well  as  thorough  know¬ 
ledge  and  experience  of  the  subjects  she  handles."—  Medical  Gazette. 

ABERCROMBIE.— ABERCROMBIE’S  PRACTICAL  CARDENER,  AND 

IMPROVED  SYSTEM  OF  MODERN  HORTICULTURE,  alphabetically  arranged.  New 
Edition,  with  an  Introductory  Treatise  onVegetable  Physiology;  and  Plates  by  W. Salisbury. 
12mo.  Gs.  boards. 

ABERCROMBIE  AND  MAIN.— THE  PRACTICAL  GARDENER’S  COM¬ 
PANION;  Or,  Horticultural  Calendar:  to  which  is  added,  the  Garden-Seed  and  Plant 
Estimate.  Edited,  from  a  MS.  of  J. Abercrombie, by  J.  Main.  New  Edition.  32mo.2s.Gd.  sewed. 

ALLAN  (J.  H  )— A  PICTORIAL  TOUR  IN  THE  MEDITERRANEAN  ; 

Comprising  Malta,  Dalmatia,  Turkey,  Asia  Minor,  Grecian  Archipelago,  Egypt,  Nubia, 
Greece,  Sicily,  Italy,  and  Spain.  J.  H.  Allan.  New  Edition.  Imperial 4to.  with  upwards  of 
40  lithographed  Draw  ings,  and  JO  Wood  Engravings,  31.  3s.  cloth. 

AMY  HERBERT. 

By  a  Lady.  Edited  by  the  Rev.  William  Sewell, B.D.  of  Exeter  College,  Oxford.  New 
Edition.  2  vols.  foolscap  Svo.  9s.  cloth. 

* 

ANDERSEN.— THE  TRUE  STORY  OF  MY  LIFE; 

A  Sketch.  By  Hans  Christian  Andersen,  author  of  “The  Shoes  of  Fortune,”  “The 
Nightingale,”  “  O.  T.,”  “  Only  a  Fiddler,”  “  The  Improvisatore,”  etc.  Translated  by  Mary 
Howitt.  Fcp.  8vo.  5s.  cloth. 

ARTISAN  CLUB  (THE).— A  TREATISE  ON  THE  STEAM-ENGINE. 

In  its  application  to  Mines,  Mills,  Steam  Navigation,  and  Railways.  By  the  Artisan  Club. 
Edited  by  John  Bourne,  C.E.  New  Edition.  4to.  with  30  Steel  Plates,  etc.,  and  about 
350  Wood  Engravings,  2Js.  cloth. 

BAKER.— RAILWAY  ENGINEERING; 

Containing  the  most  approved  Methods  of  laying  out  Railway  Curves,  and  of  setting  out  the 
Cuttings,  Embankments,  and  Tunnels  of  Railways:  with  aGeneral  and  two  Auxiliary  Tables, 
for  the  Calculation  of  Earthworks  of  Railways,  Canals,  etc.  Also,  the  Investigation  of  the 
Formula  for  the  Superelevation  of  the  exterior  Rail  in  Curves.  By  T.  Baker,  Surveyor  and 
Civil  Engineer.  8vo.  5s.  cloth. 


BAKEWELL. — AN  INTRODUCTION  TO  GEOLOGY. 

Intended  to  convey  Practical  Knowledge  of  the  Science,  and  comprising  the  most  important 
recent  Discoveries.  By  Robert  Bakewell.  Fifth  Edition,  8vo.  with  Plates  and  Woodcuts. 
21s. cloth. 


6 


NEW  WORKS  and  NEW  EDITIONS 


t>  » T  T  _AN  ACCOUNT  OF  THE  CULTIVATION  AND  MANUFACTURE 

-  OF  TEA  IN  CHINA; 

K,“«X  ifTe“lT.hV&st  indi.Co».p..,yl..Cbin..  8...  will.  Pl..«.  .»<  Wooten. 
14s.  cloth. 

"R  ^NFTFT  D  AND  WELD.-THE  STATISTICAL  COMPANION; 

BAXS?  Utmost  interesting  Facts  In  Moral  and 

0.  H.  W-ld, 

Secretary  to  the  Royal  Society.  Foolscap  8vo.  5s.  cloth. 

from  the  Authorized  Version .  together  w  .  P  „  ,,  ^  ^  yellow  of  King’s 

S57,  «ac*».  ....  -v 

Also,  Half-vol.  V.  14s. 

n^YTDON  -the  art  of  valuing  rents  and  tillages, 

New  8.0.  Od. 

RAYTTS _ THE  ARITHMETIC  OF  ANNUITIES  AND  LIFE  ASSURANCE; 

Baylis.  8vo.  os.  cloth. 

BEDFORD  CORRESPONDENCE.  -  CORRESPONDENCE  OF  JOHN, 

FOURTH  DUKE  OF  BEDFORD,  selected  from  the  Originals  at  \\  oburu  Abbey,  (  /  I 
With  Introductions  by  Lord  John  Russell.  3  vols.  8vo.  48s.  cloth. 

Vol.I.  (1/42-48),  18s.;  Vol.  II.  (1749-60) ,  17s. ;  Vbl.III.  (1761-70) ,  15s. 

BLACK  PRINCE — A  RECORD  OF  THE  BLACK  PRINCE; 

feBassspi 

letter,  embellished  with  Illuminated  Borders  and  Miniatures,  and  b°"“dt  “  lVe 

carving. 

BT  aptc _ A  PRACTICAL  TREATISE  ON  B RENA/INC. 

rected,  with  considerable  Additions.  8vo.  10s.  6d.  cloth.— Also, 

SUPPLEMENT,  of  REMARKS  on  BAVARIAN  BEER,  etc.  8vo.  2s.  6d.  sewed. 

BLAINE —AN  ENCYCLOP/EDIA  OF  RURAL  SPORTS  ;  . 

Or  a  complete  Account,  Historical,  Practical,  and  Descriptive,  of  Hunting,  Shooting  Fisning, 
Ra.dmr  “nd  other  Field  Sports  and  Athletic  Amusements  of  the  present  day.  By  Delabere 
P  Blaine  Esq.!  author  of  “Canine  Pathology,”  etc.  With  nearly  600  Engravings  on 
Wood,  by  R.  Branston,  from  Drawings  by  Aiken,  T.  Landseer,  Dickes,  etc.  8vo.  oOs.  c 

BLAIR’S  CHRONOLOGICAL  AND  HISTORICAL  TABLES, 

From  the  Creation  to  the  present  Time;  with  Additions  and  Corrections  from  the  mostauthen- 
tic  Writers  including  the  Computation  of  St.  Paul,  as  connecting  the  Period  from  the 
Eiode  to  the  Temple  Under  the  revision  of  Sir  Henry  Ellis,  K.H.,  Principal  Librarian  of 
the  British  Museum.  Imperial  8vo.  31s.  6d.  half-bound  morocco. 


BLESSINGTON.— FUGITIVE  FANCIES. 

By  the  Countess  of  Blessington.  Fcap.  8vo. 


[In  the  press. 


BLOOMFIELD. — TH E  HISTORY  OF  THE  PELOPONNESIAN  WAR. 

Bv  Thucydides.  A  New  Recension  of  the  Text,  with  a  carefully  amended  Punctuation  ;  and 
copious  Notes,  Critical,  Philological,  and  Explanatory,  almost  entirely  original,  but  partly 
selected  and  arranged  from  the  best  Expositors  :  accompanied  with  full  indexes.  I  lus¬ 
trated  by  Maps  and  Plans.  By  the  Rev.  S  .T.  Bloomfield,  D.D.  F.S.A.  2  vols.  8vo.  38s.  cloth. 
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BLOOMFIELD— THE  HISTORY  OF  THE  PELOPONNESIAN  WAR. 

By  Thucydides.  Translated  into  English,  and  accompanied  with  very  copious  Notes 
Philological  and  Explanatory,  Historical  and  Geographical.  By  the  Rev.S.  T.  Bloomfield, 
D.D.  F.S.A.  3  vols.  8vo.  with  Maps  and  Plates/2/.  5*.  boards. 

BLOOMFIELD. -THE  CREEK  TESTAMENT  : 

\Vith  copious  English  Notes,  Critical,  Philological,  and  Explanatory.  Formed  for  the  use 
of  advanced  Students  of  Divinity  and  Candidates  for  Holy  Orders.  By  the  Rev.  S.  T. 
Bloomfield,  D.D.  F.S. A.  New  Edition.  2  vols.  Svo.  with  a  Map  of  Palestine,  40s.  cloth. 

BLOOMFIELD. —THE  CREEK  TESTAMENT  FOR  COLLEGES  AND 

SCHOOLS  ;  with  shorter  English  Notes,  Critical,  Philological,  and  Explanatory.  By  the 
Rev.  S.  P.  Bloomfield,  D.D.  New  Edition,  enlarged,  with  a  New  Map  and  an  Index. 
Foolscap  Svo.  10*.  fid.  cloth. 

BLOOMFIELD.— CREEK  AND  ENGLISH  LEXICON  TO  THE  NEW 

TESTAMENT:  especially  adapted  to  the  use  of  Colleges,  and  the  Higher  Classes  in  Public 
Schools;  but  also  intended  as  a  convenient  Manual  for  Biblical  Students  in  general.  By 
Dr.  Bloomfield.  New  Edition,  improved.  Foolscap  Svo.  10s.  fid.  cloth. 

BORRER.— NARRATIVE  OF  A  CAMPAIGN  WITH  A  FRENCH  COLUMN, 

under  Marechal  Bugeaud,  directed  against  the  Kabiles  of  Algeria  :  together  with  an  Account 
of  the  Adventures  of  M.  Suchct  in  search  of  the  Camp  of  the  Emir  Abd-el-Kader.  By 
Dawson  Borrer,  F.R.G.S.  Membre  Correspondant  de  la  Societe  Orientale  a  Paris,  author  of 
“A  Journey  from  Naples  to  Jerusalem.”  Post  8vo.  [ Nearly  ready . 

BOSANQUET.— CHRONOLOGY  OF  THE  TIMES  OF  DANIEL,  EZRA, 

AND  NEHEMIAH,  considered  with  the  view  of  correcting  an  Error  of  Thirty-three  Years 
in  the  received  Chronology  between  the  Capture  of  Jerusalem  by  Nebuchadnezzar  and  the 
Birth  of  Christ.  Leading  to  an  Explanation  of  the  Prophecy  ol  the  Seventy  Weeks,  the 
Recovery  of  the  lost  Era  of  the  Jubilee,  and  the  Rectification  of  several  important  Dates  in 
Scripture  Chronology.  By  J.  Whatman  Bosauquet,  Esq.  Parti.  8vo.  8s.  fid.  cloth. 

BRANDS.— A  DICTIONARY  OF  SCIENCE,  LITERATURE,  AND  ART; 

Comprising  tiie  History,  Description,  and  Scientific  Principles  of  every  Branch  of  Human 
Knowledge  ;  with  the  Derivation  and  Definition  of  all  the  Terms  in  general  use.  Edited  by 
W.T.  Braude,  F.R.S.L. and  E.;  assisted  by  Dr.J.  Cauvin.  Svo.  with  Woodcuts,  3 1-  cloth. 

BUDGE  (J.)— THE  PRACTICAL  MINER’S  GUIDE. 

Comprising  a  Set  of  Trigonometrical  Tables  adapted  to  all  the  purposes  of  Oblique  or 
Diagonal,  Vertical,  Horizontal,  and  Traverse  Dialling;  with  their  application  to  the  Dial, 
Exercise  of  Drifts,  Lodes,  Slides,  Levelling,  Inaccessible  Distances,  Heights,  etc.  By 
J.  Budge.  New  Edition,  enlarged.  8vo.  with  Portrait,  12*.  cloth. 

BULL  -HINTS  TO  MOTHERS, 

For  the  Management  of  Health  during  the  Period  of  Pregnancy  and  in  the  Lying-in  Room; 
with  an  Exposure  of  Popular  Errors  in  connexion  with  those  subjects.  ByThomasBull.M.D. 
New  Edition,  revised  and  considerably  enlarged.  Foolscap  8vo.  7*.  cloth. 

# 

BULL.-THE  MATERNAL  MANAGEMENT  OF  CHILDREN, 

In  HEALTH  and  DISEASE.  By  Thomas  Bull,  M.D.  Physician  Accoucheur  to  the  Finsbury 
Midwifery  Institution,  etc.  New  Edition,  revised  and  enlarged.  Foolscap  Svo.  5*.  cloth. 

BUNSEN.— THE  CONSTITUTION  OF  THE  CHURCH  OF  THE  FUTURE. 

A  practical  Explanation  of  the  Correspondence  with  the  Right  Hon.  William  Gladstone, 
on  the  German  Church,  Episcopacy,  and  Jerusalem.  With  a  Preface,  Notes,  and  the  com¬ 
plete  Correspondence.  By  the  Chevalier  C.  C.  J.  Bunsen,  Ph.D.,  D.C.L.  Translated  under 
the  superintendence  of  and  with  additions  by  the  Author.  Post  8vo.  9s.  6 d.  cloth. 

BUNSEN.— EGYPT’S  PLACE  IN  UNIVERSAL  HISTORY: 

An  Historical  Investigation,  in  Five  Books.  By  C.  C.  J.  Bunsen,  D.  Ph.and  D.C.L.  Trans¬ 
lated  from  the  German,  by  C.  H.  Cottrell,  Ksq.  M.A.  Vol.  I.  containing  the  First  Book,  or 
Sources  and  Primeval  Facts  of  Egyptian  History:  with  an  Egyptian  Grammar  and  Dictionary, 
and  a  complete  List  of  Hieroglvphieal  Signs;  an  Appendix  of  Authorities,  embracing  the 
completeText  of  Manetho  and  Eratosthenes,  Aigvptiaca  from  Pliny,  Strabo,  etc.  ;  and  Plates 
representing  the  Egyptian  Divinities.  Svo.  with  numerous  Illustrations,  28*.  cloth. 


BURDER.— ORIENTAL  CUSTOMS, 

Applied  to  the  Illustration  of  the  Sacred  Scriptures.  By  Dr.  Samuel  Burder.  New 
Edition,  with  Additions.  Foolscap  Svo.  8*.  6<f.  cloth. 


BURNS.— THE  PRINCIPLES  OF  CHRISTIAN  PHILOSOPHY; 

Containing  the  Doctrines,  Duties,  Admonitions,  and  Consolations  of  the  Christian  tieiigio  . 
By  John  Burns,  M.D.F.R.S.  6th  Edition.  Foolscap  8vo.  64. 6d.  cloth. 


By  John  Burns,  M.D. 


BURNS— CHRISTIAN  FRAGMENTS; 

Or,  Remarks  on  the  Nature,  Precepts,  and  Comforts  of  Religion. 

F.R.S.  Foolscap  8vo.  5s.  cloth. 

BUTLER.— A  SKETCH  OF  MODERN  AND  ANCIENT  CEOCRAPHY. 

By  Samuel  Butler,  D.D.,  late  Lord  Bishop  of  Lichfield  and  Coventry;  and  formerly  Head 
Master  of  Shrewsbury  School.  New  Edition,  revised  by  the  Author’s  Son.  8vo.  9s.  boards. 

BUTLER.— AN  ATLAS  OF  MODERN  CEOCRAPHY. 

Consisting  of  Twenty-three  coloured  Maps,  from  a  New  Set  of  Plates;  with  an  Index  ot 
all  the  Names  of  Places,  referring  to  the  Latitudes  and  Longitudes.  By  the  late  Ur.  Butler, 
Bishop  of  Lichfield.  New  Edition,  corrected.  8vo.  12s.  hall-bound. 

BUTLER.— AN  ATLAS  OF  ANCIENT  CEOCRAPHY. 

Consisting  of  Twentv-three  coloured  Maps:  with  an, Index  of  all  the  Names  of  Places, 
referring  to  the  Latitudes  and  Longitudes.  By  the  late  Ur.  Butler,  Bishop  of  Lichfield. 
New  Edition,  corrected.  Svo.  12s.  half-bound. 

BUTLER.— A  CENERAL  ATLAS  OF  MODERN  AND  ANCIENT  CEOCRAPHY . 

Consisting  of  Forty-five  coloured  Maps,  and  copious  Indices  referring  to  the  Latitudes  and 
Longitudes.  By  the  late  Dr.  Butler,  Bishop  of  Lichfield.  New  Edition,  from  an  entirely 
new  and  corrected  set  of  Plates.  4to.24s.  half-bound. 

CABINET  LAWYER  (THE). 

A  Popular  Digest  of  the  Laws  of  England,  Civil  and  Criminal  ;  with  a  Dictionary  of  Law 
Terms  Maxims,  Statutes,  and  Judicial  Antiquities  ;  Correct  Tables  of  Assessed  Taxes,  Stamp 
Duties,  Excise  Licences,  and  Post-Horse  Duties;  Post-Office  Regulations,  and  Prison 
Discipline.  Fourteenth  Edition,  enlarged,  and  corrected  throughout,  with  the  Legal 
Decisions  and  Statutes  to  Michaelmas  Term,  10  and  11  Victoria.  Fcap.  8vo.  10s.  ba.  cloth. 

CALLCOTT. -HOME  AMONG  STRANCERS  : 

A  Tale.  By  Maria  Hutchins  Callcott.  2  vols.  fcap.  Svo.  9j.  cloth. 

CALLCOTT.— A  SCRIPTURE  HERBAL: 

With  upwards  of  120  Wood  Engravings.  By  Lady  Callcott.  Square  crown  Svo.  11.5s.  cloth. 

CAREY.— THE  PAST,  THE  PRESENT,  AND  THE  FUTURE. 

By  H.  C.  Carey,  author  of  “  The  Principles  of  Political  Economy,”  etc.  Svo.  10s.  6d.  cloth. 

CARTOONS.— THE  PRIZE  CARTOONS  EXHIBITED  IN  WESTMINSTER  - 

HALL,  Published  under  the  Sanction  and  Patronage  of  Her  Majesty’s  Commissioners  on 
the  Fine  Arts.  Eleven  large  folio  Engravings,  in  a  neat  Portfolio,  5L5s.;  Proofs  before 
letters,  81. 8s. 

CATLOW.— POPULAR  CONCHOLOCY; 

Or,  the  Shell  Cabinet  arranged  :  being  an  Introduction  to  the  modern  System  of  Conchology; 
with  a  sketch  of  the  Natural  History  of  the  Animals,  an  account  of  the  Formation  of  the 
Shells,  and  a  complete  Descriptive  List  of  the  Families  and  Genera.  By  Agnes  Catlow. 
Foolscap8vo.with312  Woodcuts,  10s.  C d.  cloth. 


CHALENOR. — WALTER  CRAY, 


A  Ballad,  and  other  Poems.  By  Mary  Chalenor.  2d  Edition,  with  Additions, including  the 
Author’s  Poetical  Remains.  F’cap.  Svo. 6s.  cloth. 


By  the 


THE  CLOSING  SCENE; 

Or,  Christianity  and  Infidelity  contrasted  in  the  Last  Hours  of  Remarkable  Persons 
Author  of  “The  Bishop’s  Daughter,”  “Self-Sacrifice,”  “The  Life-Book  of  a  Labourer; 
etc.  Fcap.  8vo.  6s.  cloth. 

COCKS  (C.) — BORDEAUX ,  ITS  WINES,  AND  THE  CLARET  COUNTRY. 

By  C.  Cocks,  B.L.,  Professor  of  the  Living  Languages  in  the  Royal  Colleges  of  France; 
Translator  of  the  Works  of  Michelet,  Mignet,  and  Quinet.  Post  Svo.  8s.  6<f.  cloth. 

COLLEGIAN’S  GUIDE  (THE) ; 

Or,  Recollections  of  College  Days;  setting  forth  the  Advantages  and  Temptations  of  a 
University  Education.  By  the  Rev.  James  Pycroft,  M.A.  Post  Svo.  10s.  6rf.  cloth 
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COLLIER  (J.  PAYNE.)— A  BOOK  OF  ROXBURCHE  BALLADS- 

Edited  by  John  Payne  Collier,  Esq.  Fcap.  4to.  with  Woodcuts,  -Is.  boaids;  morocco,  3S». 

COLTON— LACON;  OR,  MANY  THINGS  IN  FEW  WORDS. 

By  the  Rev.  C.  C.  Colton.  New  Edition.  8vo. 12s. cloth. 

CONVERSATIONS  ON  BOTANY. 

New  Edition,  improved.  Foolscap  Svo.  with  22  Plates,  7*.  6d.  cloth  ;  with  coloured  Plates,  12s. 


CONVERSATIONS  ON  MINERALOGY. 

With  Plates,  engraved  by  Mr.  and  Mrs.  Lowry,  from  Original  Drawings.  Third  Edition, 
enlarged.  2  vols.  foolscap  8vo.  14s.  cloth. 

CONYBEARE  AND  HOWSON.— THE  LIFE  AND  LETTERS  OF  ST.  PAUL; 

comprising  a  complete  Biography  of  the  Apostle,  and  a  Paraphrastic  Translation  of  his 
Epistles  inserted  in  Chronological  order.  Edited  by  the  Rev.  VV.  J.  Conybeare,  M.A.  late 
Fellow  of  Trinity  College.  Cambridge;  and  the  Rev.  J.  S.  Howson,  M.A.  Principal  of  the 
Collegiate  Institution,  Liverpool.  4to.  richly  illustrated  by  Maps,  Views,  Engravings  of 
Coins,  etc.  [ In  the  press. 

COOPER  (TIIE  REV.  E.)— PRACTICAL  AND  FAMILIAR  SERMONS, 

Designed  for  Parochial  and  Domestic  Instruction.  By  the  Rev.  Edward  Cooper.  New  Edi* 
tions.  7  vols.  12mo.  If.  18s.  boards. 

COOPER  (THE  REV.  E.>-SERMONS, 

Chiefly  designed  to  elucidate  some  of  the  leading  Doctrines  of  the  Gospel.  By  the  Rev.  Edward 
Cooper.  New  Edition.  2  vols.  12mo.  10s.  boards. 

COPLAND.— A  DICTIONARY  OF  PRACTICAL  MEDICINE; 

Comprising  General  Pathology ,  the  Nature  and  Treatment  of  Diseases,  Morbid  Structures, 
and  the  Disorders  especially  incidental  to  Climates,  to  Sex,  and  to  the  different  Epochs  ot 
Life,  with  numerous  approved  Formulas  of  the  Medicines  recommended.  By  James  Copland, 
M.D.,  etc.  etc.  Vols.  I.  and  II.,  8vo.  31.  cloth  ;  and  Parts  X.  to  XIII.  4s.  6 d.  each. 

COQUEREL.— CHRISTIANITY; 

Its  perfect  adaptation  to  the  Mental,  Moral,  and  Spiritual  Nature  of  hlan.  By  Athanase 
Coquerel,  one  of  the  Pastors  of  the  French  Protestant  Church  in  Paris.  Translated  by  the 
Rev.  D.  Davison,  M.A.  With  an  Introductory  Notice  of  the  State  of  the  Protestant  Church 
of  France,  written  by  the  Author  for  the  English  Edition.  Post  Svo.  12s.  cloth. 

COSTELLO  (MISS).— THE  ROSE  CARDEN  OF  PERSIA. 

A  Series  of  Translations  from  th^  Persian  Poets.  By  Louisa  Stuart  Costello,  author 
of  “Specimens  of  the  Early  Poetry  of  France,”  etc.  Long  8vo.  with  12  Illuminated 
Titles,  and  Borders  printed  in  Colours,  18s.  boards;  or  31s.  68.  morocco. 

COSTELLO  (MISS)— FALLS,  LAKES,  AND  MOUNTAINS  OF  NORTH 

WALES;  being  a  Pictorial  Tour  through  the  most  interesting  parts  of  the  Country.  By 
Louisa  Stuart  Costello,  author  of  “The  Rose  Garden  of  Persia,  ’  etc.  Profusely  illustrated 
with  Views,  from  Original  Sketches  by  D.  H.  Rl'Kewan,  engraved  on  wood,  and  litho¬ 
graphed,  by  T.  and  E.  Gilks.  Square  8vo.  with  Map,  14s.  cloth. 

COULTER.— ADVENTURES  ON  THE  WESTERN  COAST  OF  SOUTH 

AMERICA  AND  IN  THE  INTERIOR  OF  CALIFORNIA.  Including  aNarrative  of  Inci¬ 
dents  at  the  Kingsmill  Islands,  New  Ireland,  New  Britain,  New  Guinea,  and  other  Islands 
in  the  Pacific  Ocean.  With  an  Account  of  the  Natural  Productions, and  the  Manners  and 
Customs,  in  Peace  and  War,  of  the  various  Savage  Tribes  visited.  By  John  Coulter,  M.D. 
author  of  “Adventures  in  the  Pacific.”  2  vols.  post 8vo.  lGs.  cloth. 

COULTER.— ADVENTURES  IN  THE  PACIFIC; 

With  Observations  on  the  Natural  Productions,  Manners  and  Customs  of  the  Natives  of  the 
various  Islands;  Remarks  on  the  Missionaries,  British  and  other  Residents,  etc.  By  John 
Coulter,  M.D.  Post  Svo.  7*.  cloth. 

COULTON— AN  INQUIRY  INTO  THE  AUTHORSHIP  OF  THE  LETTERS 

OF  JUNIUS.  By  David  Trevena  Coulton.  4to.  [In  November. 

CRESY  (E.)-AN  ENCYCLOP/EDIA  OF  CIVIL  ENGINEERING,  HISTORICAL, 

THEORETICAL,  and  PR  ACTICAL.  By  Edward  Cresy,  F.S.A.  C  .E.  Illustrated  by  upwards 
ofThree  Thousand  Engravings  on  Wood,  explanatory  of  the  Principles,  Machinery,  and  Con¬ 
structions  which  come  under  the  Direction  of  the  Civil  Engineer.  One  large  Volume 
8vo.  upwards  of  1,600  pages,  31. 13*.  6 d.  cloth. 
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CROCKER’S  ELEMENTS  OF  LAND  SURVEYING. 

Fifth  Edition,  corrected  throughout,  and  considerably  improved  and  modernised,  by 
T.  G.  Hunt,  Land  Surveyor,  Bristol.  To  which  are  added,  TABLES  OF  SIX-FIGURE 
LOGARITHMS,  etc.,  superintended  by  Richard  Farley,  of  the  Nautical  Almanac  Establish¬ 
ment.  Post  8vo.  12s.  cloth. 

D’ AGIN COURT. —THE  HISTORY  OF  ART,  ... 

By  its  Monuments,  from  its  Decline  in  the  Fourth  Century  to  its  Restoration  in  the  Six¬ 
teenth.  Translated  from  the  French  of  Seroux  D’Agincourt,  by  Owen  Jones,  architect. 
With  3,335  Subjects,  engraved  on  328  Plates.  Vol.  I.  Architecture,  73  plates;  vol.  II. 
Sculpture,  51  plates;  vol.  111.  Painting,  204  plates.  3  vols.  royal  folio,  51. 5s.  sewed. 

DALE  (THE  REV.  THOMAS). —  THE  DOMESTIC  LITURGY  AND 

FAMILY  CHAPLAIN,  in  Two  Parts:  the  First  Part  being  Church  Services  adapted  for 
Domestic  Use,  with  Prayers  for  every  Day  of  the  Week,  selected  exclusively  from  the  Book 
of  Common  Prayer.  Part  II.  comprising  an  appropriate  Sermon  for  every  Sunday  in  the 
Year.  By  the  Rev.  Thomas  Dale,  M.A.  Vicar  of  St.  Pancras.  Post  4to.  21s.  cloth :  or, 
bound  by  Hayday,  315.  6rf.  calf  lettered  ;  505.  morocco. 

DAVY  (SIR  HUMPHRY).— ELEMENTS  OF  AGRICULTURAL  CHEMISTRY 

in  a  Course  of  Lectures.  By  Sir  Humphry  Davy.  With  Notes  by  Dr.  John  Davy. 
New  Edition.  Svo.with  10  Plates,  15s.  cloth. 

DE  JAENISCH  AND  WALKER.— DE  JAENISCH’S  CHESS  PRECEPTOR: 

A  New  Analysis  of  the  Openings  of  Games.  By  C.  F.  De  Jaenisch,  of  St.  Petersburgh. 
Translated  from  the  French,  with  copious  Notes,  by  G.  Walker, author  of  “Chess  Studies, 
and  various  other  Works  on  the  Game  of  Chess.  8vo.  155.  cloth. 

DE  LA  BECHE.— REPORT  ON  THEGEOLOCY  OF  CORNWALL,  DEVON , 

AND  WEST  SOMERSET.  By  Henry  T.  De  la  Beche,  I-'.R.S.  etc.,  Director  of  the  Ordnance 
Geological  Survey.  Published  by  Order  of  the  Lords  Commissioners  of  H.M.  Treasury. 
8vo.  with  Maps,  YVoodcuts,  and  12 large  Plates,  145. cloth. 

DE  LA  GRAVIERE.— SKETCHES  OF  THE  LAST  NAVAL  WAR. 

Translated  from  the  French  of  Captain  E.  Jurien  de  la  Gravi&re  ,  with  an  Introduction,  and 
Explanatory  Notes.  By  the  Hon.  Captain  Plunkett,  R.  N.,  author  of  “  The  Past  and  Future 
of  the  British  Navy.”  2  vols.  post  8vo.  with  Plans,  18s.  cloth. 

DE  STRZELECKI  (P. E.)-PHYSICAL  DESCRIPTION  OF  NEW  SOUTH 

WALES  AND  VAN  DIEMAN’S  LAND.  Accompanied  by  a  Geological  Map,  Sections, 
and  Diagrams,  and  Figures  of  the  Organic  Remains.  By  P.  E.  De  Strzelecki.  8vo.  with 
coloured  Map  and  numerous  Plates,  24s.  cloth. 

DIBDIN  (THE  REV.  T.  F.)-THE  SUNDAY  LIBRARY: 

Containing  nearly  One  hundred  Sermons  by  eminent  Divines.  With  Notes,  etc.  by  the 
Rev.  T.  F.  Dibdin,  D.D.  6  vols.  foolscap  8vo.  with  6  Portraits,  30s.  cloth  ;  neatly  half-bound 
in  morocco,  with  gilt  edges,  '21.  12 s.  Gd. 

DISCIPLINE.  „  ,  „ 

By  the  Author  of  “  Letters  to  my  Unknown  Friends,”  “  Twelve  Years  Ago,  and  “  Some 
Passages  from  Modern  History.”  18mo.  2s.  cloth. 

DOUBLEDAY  AND  HEWITSON’S  BUTTERFLIES.— THE  CENERA  OF 

DIURNAL  LEPIDOPTERA  ;  comprising  their  Generic  Characters— a  Notice  of  the  Habits 
and  Transformations— and  a  Catalogue  of  the  Species  of  each  Genus.  By  Edward  Double- 
day,  Esq.  F.L.S.  etc.,  Assistant  in  the  Zoological  Department  of  the  British  Museum.  Im¬ 
perial  4to.  uniform  with  Gray  and  Mitchell’s  (Ornithology;  illustrated  with  75  coloured  Plates, 
by  W.  C.  Hewitson,  Esq.  Author  of  “British  Oology.’’ 

*  *  Publishing  in  Monthly  Parts,  5s.  each;  each  Part  consisting  of  two  coloured  Plates,  with 
accompanying  Letter-press.  To  be  completed  in  not  exceeding  40  Parts,  22  of  which  are 
now  ready. 

DRESDEN  GALLERY.— THE  MOST  CELEBRATED  PICTURES  OF  THE 

ROYAL  GALLERY  at  DRESDEN,  drawn  on  Stone,  from  the  Originals,  by  Franz 
Hanfstaengel  :  with  Descriptive  anil  Biographical  Notices,  in  French  and  German.  Nos.  I. 
to  LII.,  imperial  folio,  each  containing  3  Plates  with  accompanying  Letter-press,  price 
20s.  to  Subscribers;  to  Non-subscribers,  30s.  Single  Plates, 12s.  each. 

To  be  completed  in  8  more  numbers,  price  20s.  each,  to  Subscribers ;  Nos.  LI.  to  LX. 
containing  each  4  Plates  and  Letterpress. 

DUNLOP.— TRAVELS  IN  CENTRAL  AMERICA. 

With  a  Journal  of  nearly  Three  Years’  Residence  in  the  Country.  To  which  are  added,  a 
Sketch  of  the  History  of  the  Republic,  and  au  Account  ofits  Climate,  Productions,  Com¬ 
merce,  etc.  By  Robert  Glasgow  Dunlop,  Esq.  Post  8vo.  with  Map,  10s.  6d.  cloth. 
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DUNLOP  (JOHN). — THE  HISTORY  OF  FICTION: 

Being' a  Critical  Account  of  the  most  celebrated  Prose  Works  of  Fiction,  from  the  earliest 
Greek  Romances  to  the  Novels  of  the  Present  Age.  By  John  Dunlop.  NewKdition,  com¬ 
plete  in  One  Volume.  Medium  8vo.  15s.  cloth. 


EASTLAKE.— MATERIALS  FOR  A  HISTORY  OF  OIL  PAINTING. 

By  Charles  Lock  Eastlake,  Esq.  R.A.  F.R.S.  F.S.A.  Secretary  to  the  Royal  Commission  for 
Promoting  the  Fine  Arts  in  connexion  with  the  rebuilding  of  the  Houses  of  Parliament,  etc. 
8vo.  16j.  cloth. 


ECCLESTON  (JAMES).— AN  INTRODUCTION  TO  ENCLISH  ANTIQUITIES. 

Intended  as  a  Companion  to  the  History  of  England.  By  James  Eccleston,  B.A.  Head 
Master  of  Sutton  Coldfield  Grammar  School.  8vo.  with  numerous  Engravings  on  Wood, 
21s.  cloth. 

ELLIOTSON.— HUMAN  PHYSIOLOGY:  .  ,  .  „ 

With  which  is  incorporated  much  of  the  ElementaryPart  of  the  “Institutiones  Physiologic® 
of  J.  F.  Blumenbach,  Professor  in  the  University  of  Gottingen.  By  John  Elliotson,  M.D. 
Cantab.  F'.R.S.  Fifth  Edition,  8vo.  with  numerous  Woodcuts,  21. 2s.  cloth. 

THE  ENGLISHMAN’S  CREEK  CONCORDANCE  OF  THE  NEW  TESTA¬ 
MENT;  being  an  attempt  at  a  Verbal  Connexion  between  the  Greek  and  the  English 
Texts  ;  in  eluding*  a  Concordance  to  the  Proper  Names,  with  Indexes,  Greek-English 
and  English-Greek.  2d  Edition,  carefully  revised,  with  a  new  Index,  Greek  and  English. 
Royal  8vo.  42s. 

THE  ENGLISHMAN’S  HEBREW  AND  CHALDEE  CONCORDANCE  OF 

THE  OLD  TESTAMENT;  being  an  attempt  at  a  Verbal  Connexion  between  the  Original 
and  the  English  Translations:  with  Indexes,  a  List  of  the  ProperNames  and  their  occur¬ 
rences,  etc.  etc.  2  vols.  royal  8vo.  3Z.  13s.  6d.  cloth  ;  large  paper,  41. 14s.  6d. 

EPHEMERA.— A  HAND-BOOK  OF  ANCLINC  ;  . 

Teaching  Fly  Fishing,  Trolling,  Bottom  Fishing,  and  Salmon  Fishing.  With  the  Natural 
History  of  River  Fish,  and  the  best  Modes  of  Catching  them.  Bv  Ephemera  (of  Hell  8 
Life  in  London) .  New  Edition.  Foolscap  8vo.  with  Wood  Engravings,  9s.  cloth. 

ERMAN.— TRAVELS  IN  SIBERIA:  e  u 

Including  Excursions  Northwards,  down  the  Obi,  to  the  Polar  Circle,  and  Southwards, 
to  the  Chinese  Frontier.  By  Adolph  Erman.  Translated  by  W.  D.  Cooley,  Esq.  author  of 
“The  History  of  Maritime  and  Inland  Discovery;”  translator  and  editor  of  Dr.  Parrot  s 
•  “Journey  to  Ararat,”  etc.  2  vols.  8vo.  with  Map,  31s.  6d.  cloth. 

EVANS.— THE  SUGAR  PLANTER’S  MANUAL; 

Being  a  Treatise  on  the  Art  of  obtaining  Sugar  from  the  Sugar  Cane.  By  W.  J.  Evans,  M.D. 
8vo.  9s.  cloth. 

FAREY.— TREATISE  ON  THE  STEAM-ENGINE, 

Historical,  Practical,  and  Descriptive.  By  John  Farey,  Engineer.  4to.  illustrated  by 
numerous  Woodcuts,  and  25  Copper-plates,  5Z.  5s  in  boards. 

FIELD.— PRISON  DISCIPLINE; 

And  the  Advantages  of  the  Separate  System  of  Imprisonment:  with  a  detailed  Account  of 
the  Discipline  now  pursued  in  the  New  County  Gaol  at  Reading.  By  the  Rev.  J.  Field,  M.A. 
Chaplain.  New  Edition.  2  vols.  8vo.  20s.  cloth. 

FLOWERS  AND  THEIR  KINDRED  THOUGHTS; 

A  Series  of  Stanzas — On  Hope,  Innocence,  Modesty,  Childhood,  Humility,  Joy,  Love, 
Constancy,  Fascination,  Timidity,  Fine  Taste, Thoughts,  Recollection,  and  friendship.  By 
Marv  Anne  Bacon.  Illustrated  by  the  Snowdrop.  Primrose,  Violet, Harebell  and  Pimpernel, 
Lily  of  the  Valley,  Hawthorn,  Rose,  Honeysuckle,  Carnation,  Convolvulus,  Fuchsia,  Pansy, 
Forget-me-not,  and  Holly  ;  designed  and  printed  in  Colours  by  Owen  Jones.  Imperial  8vo. 
31s.  6 d.  elegantly  bound. 

FORSTER  (REV.  C.)— THE  HISTORICAL  CEOCRAPHY  OF  ARABIA; 

Or,  the  Patriarchal  Evidences  of  Revealed  Religion.  A  Memoir,  with  Illustrative  Maps  and 
an  Appendix,  containing  Translations,  with  an  Alphabet  and  Glossary  ot  the  Hamyaritic 
Inscriptions  recently  discovered  in  Hadramaut.  By  the  Rev.  Charles  Forster,  B.D.,  Rector  of 
Stisted,  Essex,  author  of  “  Mahometanism  Unveiled.”  2  vols.  8vo.  3Us.  cloth. 

FORSTER  (REV.  C.)— THE  LIFE  OF  JOHN  JEBB,  D.D.  F.R.S. 

Late  Bishop  of  Limerick.  With  a  Selection  from  his  Letters.  By  the  Rev.  Charles  lorster,  B.D., 
Rector  of  Stisted,  Essex,  and  one  of  the  Six  Preachers  in  the  Cathedral  of  Christ,  Canterbury, 
formerly  Domestic  Chaplain  to  the  Bishop.  New  Edition.  8vo.  with  Portrait,  etc.  16s.  cloth. 
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FOSTER.— THE  HAND-BOOK  OF  EUROPEAN  LITERATURE. 

By  Mrs.  Foster.  Foolscap  Svo.  [In  the  press. 

FRESENIUS. — A  IV1ANUAL  OF  AGRICULTURAL  CHEMISTRY. 

By  Dr.  C .  R.  Fresenius,  Professor  of  Chemistry  and  Natural  Philosophy,  Wiesbaden  ;  late 
Assistant  in  the  Laboratory  of  Giessen.  Translated  from  the  German.  [In  the  press. 

FROM  OXFORD  TO  ROME  :  AND,  HOW  IT  FARED  WITH  SOME  WHO 

LATELY  MADE  THE  JOURNEY.  By  a  Companion  Traveller.  New  Edition,  revised  and 
corrected.  Fcp.  8vo.  with  Frontispiece,  G s.  cloth. 

GARDINER.— SIGHTS  IN  ITALY: 

With  some  Account  of  the  Present  State  of  Music  and  the  Sister  Arts  in  that  Country.  By 
William  Gardiner,  author  of  “Sacred  Melodies,”  etc.;  Member  of  the  Academy  of  St. 
Cecilia,  Rome  ;  and  of  the  Class  of  Fine  Arts  of  the  Institut  Historique  of  France.  8vo.  with 
engraved  Music,  IGat.  cloth. 

GERTRUDE. 

A  Tale.  By  the  author  of  “Amy  Herbert.”  Edited  by  the  Rev.  William  Sewell,  B.D.,  of 
Exeter  College,  Oxford.  New  Edition.  2  vols.  foolscap  Svo.  9s.  cloth. 


GIBBON.— HISTORY  OF  THE  DECLINE  AND  FALL  OF  THE  ROMAN 

EMPIRE.  A  new  Edition,  in  One  Volume;  with  an  Account  of  the  Author’s  Life  and 
Writings,  by  Alexander  Chalmers,  Esq.  F.A.S.  8vo.  with  Portrait,  18s.  cloth. 

*jf*  An  Edition  in  8  vols.  8 vo.  60s.  boards. 

GOLDSMITH— TH E  POETICAL  WORKS  OF  OLIVER  COLDSMITH. 

Illustrated  by  Wood  Engravings,  from  Designs  by  Members  of  the  Etching  Club.  Edited 
by  Bolton  Corney,  Esq.  Square  crown  8vo.,  uniform  with  “Thomson’s  Seasons,”  21s. 
cloth  ;  or  36s.  bound  in  morocco,  by  Hayday. 

GOWER.— THE  SCIENTIFIC  PHENOMENA  OF  DOMESTIC  LIFE  FAMILIARLY 

EXPLAINED.  By  Charles  Foote  Gower.  New  Edition.  Foolscap  8vo.  with  Engravings 
on  Wood,  5s.  cloth. 

GRAHAM.-ENGLISH;  OR,  THE  ART  OF  COMPOSITION 

explained  in  a  Series  of  Instructions  and  Examples.  By  G.  F.  Graham.  New  Edition,  re¬ 
vised  and  improved.  Foolscap  8vo.  6s.  cloth. 

GRANT  (MRS.)— LETTERS  FROM  THE  MOUNTAINS. 

Being  the  Correspondence  with  her  Friends,  between  the  years  1773  and  1803.  By  Mrs. 
Grant,  of  Laggan.  6th  Edition.  Edited,  with  Notes  and  Additions,  by  her  Son,  J.  P.  Grant, 
Esq.  2  vols.  post  8vo.  21s.  cloth. 

GRANT  (MRS.,  OF  LAGGAN).- MEMOIR  AND  CORRESPONDENCE 

of  the  late  Mrs.  Grant,  of  Laggan,  author  of  “  Letters  from  the  Mountains,”  etc.  Edited 
by  her  Son,  J.  P.  Grant,  Esq.  New  Edition.  3  vols.  post  8vo.  Portrait,  1/.  11s.  6 d.  cloth. 

GRAY  (THOMAS). — CRAY’S  ELEGY, 

Written  in  a  Country  Churchyard.  Illuminated  in  the  Missal  style.  By  Owen  Jones, 
Architect.  Imp.  8vo.  31s.  6rf.  elegantly  bound. 

GRAY  AND  MITCHELL’S  ORNITHOLOGY.— THE  GENERA  OF  BIRDS; 

Comprising  their  Generic  Characters,  a  Notice  of  the  Habits  of  each  Genus,  and  an  exten¬ 
sive  List  of  Species,  referred  to  their  several  Genera.  By  George  Robert  Gray,  Acad.  Imp. 
Georg.  Florent.  Soc.  Corresp.  Senior  Assistant  of  the  Zoological  Department,  British 
Museum;  and  author  of  the  “  List  of  the  Genera  of  Birds,”  etc.  Imperial  4to.  illustrated 
with  350  Plates,  by  David  William  Mitchell,  B.A. 

•»*  In  course  of  publication  in  Monthly  Parts,  10s.  6rf.  each;  each  Part  consisting  of  Four 
coloured  Plates  and  Three  plain,  with  Letter-press.  The  Work  will  not  exceed 50  Monthly 
Parts,  of  which  48  have  appeared. 

Order  I. — Accipitres  has  been  completed,  and  may  be  had  separately.  Imperial  Svo.  with  15 
coloured  and  12  plain  Plates,  21.  8s.  boards. 

GRIMBLOT  (P.)— LETTERS  OF  WILLIAM  III.  AND  LOUIS  XIV.  AND  OF 

THEIR  MINISTERS.  Illustrating  the  Domestic  and  Foreign  Policy  of  England  during 
the  period  which  followed  the  Revolution  of  1688.  Extracted  from  the  Archives  of  France 
and  England,  and  from  F'amily  Papers.  Edited  by  P.  Grimblot.  2  vols.  8vo.  30*.  cloth. 


•  ,*  Amongst  other  important  and  interesting'  subjects,  this  work  contains  the  whole  of 
the  diplomatic  correspondence  relative  to  the  Spanish  succession ,  etc.  (1697 — 1702). 
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GWILT — AN  ENCYCLOP/EDIA  OF  ARCHITECTURE; 

Historical,  Theoretical,  and  Practical.  By  Joseph  Gwilt,  Esq.,  F.S.A.  Illustrated  with 
upwards  of  1,000  Engravings  on  Wood,  from  Designs  by  J.S.  Gwilt.  Sro.  21.  12*.  0 d.  cloth. 

HALL.— M IDS UMMER  EVE; 

A  Fairy  Tale  of  Love.  By  Mrs.  S.  C.  Hall.  Square  crown  Svo.  with  nearly  300  Wood 
Engravings,  21*  cloth,  gilt  edges. 

*»*  The  Illustrations  from  Designs  by  D.Maclise,  C.  Stanfield,  T.  Creswick,  E.  M.  Ward, 
A.  Elmore,  W.  E.  Frost,  J .  N.Paton,  F.  Goodall,  T.  Landseer,  E.  H.  Wehnert,  li.  Huskisson, 
F.  IV .  Top  ham,  K.  Meadows,  F.  IV.  Fairho/t,'  J.  Franklin,  J.  H.  Heir,  F.  IV.  Hulme,  J. 
Lecurieux,  arid  T.  R,  Macquoid;  engraved  by  Green,  Dalziel,  Bastin,  Linton,  etc. 

HALL’S  (SIDNEY)  GENERAL  LARGE  LIBRARY  ATLAS  OF  FIFTY- 

THRF.E  MAPS  (size  20  in  by  76  in.)  .with  the  Divisions  and  Boundaries  carefully  coloured  ; 
and  an  Alphabetical  Index  of  all  the  Names  contained  in  the  Maps,  with  their  Latitude 
and  Longitude.  An  entirely  New  Edition,  corrected  throughout  from  the  best  and  most 
recent  Authorities;  with  all  the  Railways  laid  down,  and  many  of  the  Maps  re-drawn  and 
re-engraved. 

***  Publishing  in  Monthly  Parts,  of  which  11  have  appeared.  To  be  completed 
in  14  Parts,  price  6 s.  each. 

IIALSTED.— LIFE  AND  TIMES  OF  RICHARD  THE  THIRD, 

as  Duke  of  Gloucester  and  King  of  England  :  in  which  all  the  Charges  against  him  are  care¬ 
fully  investigated  and  compared  with  the  Statements  of  contemporary  Authorities.  By 
Caroline  A.  Halsted.  2  vols.  Svo.  with  Portrait  and  other  Illustrations,  1/.  10«.  cloth. 

HARRIS— THE  HIGHLANDS  OF  ^ETHIOPIA; 

Being  the  Account  of  Eighteen  .Months’ Residence  of  a  British  Embassy  to  the  Christian 
Court  of  Shoa.  By  Major  Sir  WsC.  Harris,  author  of  “  Wild  Sports  in  Southern  Africa,” 
etc.  New  Edition.  3  vols.  8vo.  with  Map  and  Illustrations,  21.  2s.  cloth. 

HARRISON— ON  THE  RISE,  PROCRESS,  AND  PRESENT  STRUCTURE 

OF  THE  ENGLISH  LANGUAGE.  By  the  Rev.  M.  Harrison,  M.A.,  late  Fellow  of  Queen’s 
College,  Oxford.  Post  Svo.  [In  the  press. 

HAWBUCK  GRANGE; 

Or,  the  Sporting  Adventures  of  Thomas  Scott,  Esq.  By  the  Author  of  “  Handley  Cross  ;  or 
the  Spa  Hunt,”  ‘‘Jorrochs’  Jaunts  and  Jollities,”  etc.  Svo.  with  eight  Illustrations,  bv 
Phiz,  12*.  cloth.  ’  1 

HAWKER— INSTRUCTIONS  TO  YOUNG  SPORTSMEN 

In  all  that  relates  to  Guns  and  Shooting.  By  Lieut.  Col.  P.  Hawker.  9th  edition,  corrected, 
enlarged,  and  improved,  with  Eighty-five  Plates  and  Woodcuts,  by  Adlard  and  Branston, 
from  Drawings  by  C.  Varley,  Dicks,  etc.  Svo.  21*.  cloth. 


HAYDON— THE  AUTOBIOGRAPHY  AND  JOURNALS  OF  THE  LATE 

B.  R.  HAYDON,  Historical  Painter.  [In  preparation. 

HAYDON  (B.  R.)— LECTURES  ON  PAINTING  AND  DESIGN, 

Delivered  at  the  London  Institution,  the  Royal  Institution,  Albermarle  Street,  to  the 
University  of  Oxford,  etc.  By  B.  R.  Haydon,  Historical  Painter.  2  vols.  Svo.  with  Pro¬ 
traits  of  the  Author  and  Sir  David  Wilkie,  and  numerous  other  Illustrations,  24*.  cloth. 

HINTS  ON  ETIQUETTE  AND  THE  USACES  OF  SOCIETY: 

With  a  Glance  at  Bad  Habits.  By  A yccyo?.  “Manners  make  the  Man.”  NewEdition, 
revised  (with  additions)  by  a  Ladyof  Rank.  Foolscap  8vo.  2s.  6d.  cloth. 

HISTORICAL  CHARADES. 

By  the  Author  of  “  Letters  from  Madras.”  Foolscap  8vo.  5s.  cloth. 

HISTORICAL  PICTURES  OF  THE  MIDDLE  ACES, 

I  n  Black  and  White.  Made  on  the  spot,  from  Records  in  the  Archives  of  Switzerland  .  By  a 
Wandering  Artist.  2  vols.  post  8vo.  18*.  cloth. 

HOARE— A  DESCRIPTIVE  ACCOUNT  OF  A  NEW  METHOD  OF 

PLANTING  AND  MANAGING  THE  ROOTS  OF  GRAPE  VINES.  By  Clement  Hoare, 
author  of  “A  Treatise  on  the  Cultivation  of  the  Grape  Vine  on  Open  Walls.”  12mo.  5*.  cl. 


m 


14 


NEW  WORKS  and  NEW  EDITIONS 


HOARE—  A  PRACTICAL  TREATISE  ON  THE  CULTIVATION  OF  THE 

GRAPE  VINE  ON  OPEN  WALLS.  By  Clement Hoare.  NewEdition.  8vo.  7*-  6d.  cloth. 


HOBBES.— THE  COMPLETE  WORKS  OF  THOMAS  HOBBES, 

Of  Malmesbury ;  now  first  collected,  and  edited  by  Sir  William  Molesworth,  Bart.  16  yoIs. 
8vo.  SI.  cloth. 

...  Separately,  the  English  tVorks,  in  11  volt.  51. 10s.;  the  Latin  tVorks,in  5  voU.  21. 10*. 

HOLLAND.— MEDICAL  NOTES  AND  REFLECTIONS. 

By  Henry  Holland,  M.D.  F.R.S.  etc.  Fellow  of  the  Royal  College  of  Physicians,  Physician 
Extraordinary  to  the  Queen,  and  Physician  in  Ordinary  to  His  Royal  Highness  Prince  Albert. 
NewEdition.  8vo.  18a.  cloth. 


HOOK  (DR.  W.  F.)— THE  LAST  DAYS  OF  OUR  LORD’S  MINISTRY; 

A  Course  of  Lectures  on  the  principal  Events  of  Passion  Week.  By  Walter  Farquhar  Hood, 
1).D.,  Vicar  of  Leeds,  Prebendary  of  Lincoln,  and  Chaplain  in  Ordinary  to  the  Queen.  New 
Edition.  Foolscap  8vo.  6a.  cloth. 


HOOKER.— KEW  CARDENS  ;  , 

Or  a  Popular  Guide  to  the  Royal  Botanic  Gardens  of  Kew.  By  Sir  William  Jackson  Hooker, 
KH  D.C.L.  F.R.A.  &  L.S.  etc.  etc.  Director.  NewEdition.  16mo.  with  numerous  YV  ood 
Engravings, fid.  sewed. 

HOOKER.— THE  BRITISH  FLORA. 

Comprising  the  Pluenogamous  or  Flowering  Plants,  and  the  Ferns.  By  Sir  William  Jackson 
Hooker  KH  LL.D.  F.R.A.  and  L.S.  etc.  etc.  etc.  New  Edition  with  Additions  and 
Corrections ;  and  173  Figures,  illustrative  of  the  Umbelliferous  Plants,  the  Composite 
Plants,  the  Grasses,  and  the  Ferns.  Vol.I.  Svo.,  with  12  Plates,  14*.  plain  ;  with  the  Plates 
coloured,  24s. cloth. 


Vol  II. in  Two  Parts,  comprising  the  Cryptogamia  and  the  Fungi,  completing 
Flora,  and  forming  Vol.  V.,  Parts  1  and  2,  of  Smith’s  English  Flora,  24s.  boards. 


the  British 


HORNE  (THE  REV.  T.  H.) — AN  INTRODUCTION  TO  THE  CRITICAL 

STUDY  AND  KNOWLEDGE  OF  THE  HOLY  SCRIPTURES.  By  the  Rev.  Thomas 
Hartwell  Horne,  B.D.  of  St.John’s  College,  Cambridge.  New  Edition,  revised  and  corrected. 
5  vols.  Svo.  with  Maps  and  Fac-similes,  31.  3s.  cloth  ;  or  51.  bound  in  calf  by  Hayday. 

HORNE  (THE  REV.  T.  H.)-A  COMPENDIOUS  INTRODUCTION  TO  THE 

STUDY  OF  THE  BIBLE.  By  the  Rev.  Thomas  Hartwell  Horne,  B.D.  of  St.  John’s  College, 
Cambridge  Being  an  Analysis  of  his  “Introduction  to  the  Critical  Study  and  Knowledge  of 
the  Holy  Scriptures.”  New  Edition.  12mo.  with  Maps  and  Engravings,  9s.  boards. 

IIOWITT,  (MARY). -BALLADS  AND  OTHER  POEMS. 

By  Mary  Howitt.  Square  crown  8vo.  with  a  Portrait  from  a  Picture  by  Miss  Gillies, 
beautifully  engraved  by  W.  H.  Egletoii,  18s.  cloth  ;  morocco,36s.  (bound  by  Hayday). 

HOWITT.— THE  CHILDREN’S  YEAR. 

By  Mary  Howitt.  With  Four  Illustrations,  engraved  by  John  Absolon,  from  Original 
Designs  by  Anna  Mary  Howitt.  Square  16mo.  5s.  cloth. 

HOWITT.— THE  BOY’S  COUNTRY  BOOK: 

Being  the  real  Life  of  a  Country  Boy,  written  by  Himself;  exhibiting  all  the  Amusements, 
Pleasures,  and  Pursuits  of  Children  in  the  Country.  Edited  by  William  Howitt,  author  of 
“  The  Rural  Life  of  England,”  etc.  New  Edition.  Fcap.  Svo.  with  40  Woodcuts,  6s.  cloth. 

IIOWITT.— VISITS  TO  REMARKABLE  PLACES; 

Old  Halls,  Battle-Fields,  and  Scenes  illustrative  of  Striking  Passages  in  English  History  and 
Poetry.  By  William  Howitt.  NewEdition.  Medium  8vo.  with  40IlIustrations,  21s.  cloth. 

SECOND  SERIES,  chiefly  in  the  Counties  of  DURHAM  and  NORTHUMBERLAND,  with  a 
Stroll  along  the  BORDER.  Medium  Svo.  with  upwards  of  40  highly-finished  Woodcuts,  from 
Drawings  made  on  the  spot,  21s.  cloth. 
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IIOWITT.— THE  RURAL  LIFE  OF  ENGLAND. 

Bv  William  Howitt.  New  Edition,  corrected  and  revised.  Medium  8vo.  with  Engravings  on 
Wood  by  Bewick  and  Williams,  uniform  with  “  Visits  to  Remarkable  Places,”  21*.  cloth. 

HOWITT.— THE  RURAL  AND  DOMESTIC  LIFE  OF  GERMANY: 


With  Characteristic  Sketches  of  its  chief  Cities  and  Scenery.  Collected  in  a  General  Tour, 
*  R,e,si^en‘:e,  >11  that  Country  in  the  Years  1840-42.  By  William  Howitt,  author 
of  Ihe  Rural  Life  of  England,”  etc.  Medium  8vo.,  with  above  50  Illustrations,  21$.  cloth. 


HOWITT  — THE  STUDENT-LIFE  OF  CERMANY. 

From  the  Unpublished  MS.  of  Dr.  Cornelius.  By  William  Howitt.  8vo.  with  24  Wood 
Engravings,  and  7  Steel  Plates,  21s.  cloth. 


HOWITT.— COLONISATION  AND  CHRISTIANITY: 


£  P£?M,1.ar  Histor>’  of  the  Treatment  of  the  Natives,  in  all  their  Colonies,  by  the  Europeans. 
By  William  Howitt.  Post  8vo.  10s. 6d.  cloth. 

HUDSON.— PLAIN  DIRECTIONS  FOR  MAKING  WILLS 

I"  oc011  wRh  the  Law,  and  particularly  with  reference  to  the  Act  7  Wm.  IV.  and  1  Viet . 

c*  i  tnTo  ,lc“  is  acllied*  a  clear  Exposition  of  the  Law  relating-  to  the  Distribution  of  Per- 
sonal  Estate  in  the  case  of  Intestacy  ,  with  two  Forms  of  Wills,  and  much  useful  Information, 
etc.  I5y  J.  L.  Hudson, Esq.  New  Edition,  corrected.  Fcap.  8vo.  2s.  6d.  cloth. 


HUDSON.— THE  EXECUTOR’S  GUIDE. 

By  J.  C.  Hudson,  Esq.,  of  the  Legacy  Duty  Office,  London:  author  of  “  Plain  Directions 
for  Making  Wills,”  and  “  The  Parent’s  Hand-Book.”  New  Edition.  Foolscap  8vo.  5s. cloth. 

***  The  above  two  works  may  be  had  hi  One  volume,  price  'js.  cloth. 


HUMBOLDT  (BARON).- COSMOS : 

A  Sketch  of  a  Physical  Description  of  the  Universe.  Translated,  with  the  Author’s  sanction 
and  co-operation,  under  the  superintendence  of  Lieutenant-Colonel  Edward  Sabine  F  R  S 
For.  Sec.  R.S.  New  Edition.  Vols.I.  and  II.  post  Svo.  12s.  each,  cloth. 

“  Je  vans  antorhe.  Monsieur,  de  vous  servir  en  toute  occasion  de  la  declaration,  que  la 
belle  traduction  du  Colonel  Sabine,  enriche  de  rectijicatiuns  et  de  notes  tres-preciemes,  et 
qui  out  toute  mon  approbation,  est  la  settle  par  laqnelle  j'ai  vivement  desiri  voir  introduit 
mon  ouvrage  dans  la  litttrature  de  votre  pays."— Baron  Humboldt  to  Mr.  Murray. 

HUME. — THE  LEARNED  SOCIETIES  AND  PRINTING  CLUBS  OF  THE 

UNITED  KINGDOM  ;  being  an  Account  of  their  respective  Origin,  History,  Objects  and 
Constitution:  full  details  respecting  Membership,  Fees,  their  published  Works  and  Trans¬ 
actions,  Notices  of  their  Periods  and  Places  of  Meeting,  etc.  With  a  general  Introduction 
and  a  Classified  Lndex.  Compiled  from  Official  Documents,  by  the  Rev.  A  Hume  LL  I)  ’ 
F.S.A.  Post  Svo.  8s.  Grf.  cloth.  ’  ’ 

HUNT.-RESEARCHES  ON  LICHT: 

An  Examination  of  all  the  Phenomena  connected  with  the  Chemical  and  Molecular  Changes 
produced  by  the  Influence  of  the  Solar  Rays;  embracing  all  the  known  Photographic  Pro¬ 
cesses,  and  new  Discoveries  in  the  Art.  By  Robert  Hunt,  Keeper  of  Mining  Records 
Museum  of  Economic  Geology.  8vo.  with  Plate  and  Woodcuts,  10s.  6d.  cloth. 


J AMES. — A  HISTORY  OF  THE  LIFE  OF  EDWARD  THE  BLACK  PRINCE, 

and  of  various  Events  connected  therewith,  which  occurred  during  the  Reign  of  Edward  III. 
King  of  England.  By  G.  P.  R.  James,  Esq.  New  Editiou.  2  vols.  foolscap  8vo.  with  Map,  15s." 

JAMESON.— SACRED  AND  LECENDARY  ART. 

By  Mrs.  Jameson.  2  vols.  square  crown  8vo.,  illustrated  by  numerous  Woodcuts,  with  a 
a  few  Etchings  by  the  Author.  [ Nearly  ready. 

Vol.  I.  contains  Legends  of  the  Angels  and  Archangels,  the  Evangelists,  the  Apostles,  the 
Doctors  of  the  Church,  and  Mary  hlagdalene. 

Vol.  II.  contains  Legends  of  the  Patron  Saints,  the  Virgin  Patronesses,  the  Greek  and  Latin 
Martyrs,  the  Bishops  and  Confessors,  the  Hermits,  and  the  Warrior  Saints  of  Christendom. 

JEBB  (BISHOP)  AND  KNOX  (ALEXANDER).— THIRTY  YEARS’  COR¬ 
RESPONDENCE  between  John  Jebb,  D.I).  l'.R.S.,  Bishop  of  Limerick,  Ardfert,  Aghadoe, 
and  Alexander  Knox,  Esq.  M.R.l.A.  Edited  by  the  Rev.  Charles  Forster,  B.D.  Rector  of 
Stisted,  formerly  Domestic  Chaplain  to  Bishop  Jebb.  New  Edition.  2  vols.  8vo.  28*.  cloth. 


& 


JEBB.— A  LITERAL  TRANSLATION  OF  THE  BOOK  OF  PSALMS; 

Intended  to  illustrate  their  Poetical  and  Moral  Structure  To  which  are  added,  Disserta¬ 
tions  on  the  word  •  ‘ Selah and  on  the  Authorship,  Order,  Titles,  and  Poetical  Features 
of  the  Psalms.  By  the  Rev.  John  Jebb,  A.M.,  Rector  of  Peterstow.  2  vols.  8vo.  21*.  cloth. 

JEFFREY  (LORD).— CONTRIBUTIONS  TO  THE  EDINBURGH  REVIEW. 

By  Francis  Jeffrey,  now  one  of  the  Judges  in  the  Court  of  Session  in  Scotland.  New  Edit. 

3  vols.  8vo.  42*.  cloth. 

JOHNSON.— THE  WISDOM  OF  THE  RAMBLER,  ADVENTURER,  AND 

IDLER.  Consisting  of  110  of  the  best  Essays.  By  Samuel  Johnson,  LL.D.  tooiscap  bvo. 
7s.  cloth. 

JOHNSON.— THE  FARMER’S  ENCYCLOPEDIA, 

And  DICTIONARY  of  RURAL  AFFAIRS:  embracing  all  the  recent  Discoveries  in  Agri¬ 
cultural  Chemistry:  adapted  to  the  comprehension  of  unscientific  Readers.  By  Cutnbert 
W.  Johnson,  Esq.,  F.R.S.  Barrister-at-Law,  Editor  of  the  “Farmers  Almanack,  etc. 
8vo- with  Wood  Engravings, 21.  10*.  cloth. 

JONES’S  CUIDE  TO  NORWAY,  AND  SALMON-FISHER’S  POCKET 

COMPANION;  founded  on  Experience  collected  in  the  Country.  Edited  by  Frederic 
Tolfrey,  Esq.,  author  of  “The  Sportsman  in  France,”  and  “The  Sportsman  in  Canada. 
Foolscap  8vo.  with  Frontispiece  and  Vignette  Title,  and  Engravings  of  the  proper  Flies, 
beautifully  coloured,  in  exact  imitation  of  the  originals,  15*.  cloth. 

KINDBRSLEY.— THE  VERY  JOYOUS,  PLEASANT,  AND  REFRESHING 

HISTORY  of  the  Feats,  Exploits,  Triumphs,  and  Achievements  of  the  Good  Knight,  without 
Fear  and  without  Reproach,  the  gentle  Lord  De  Bayard.  Set  forth  in  English  by  Edward 
Cockburn  Kindersley,  Esq.  Square  post  8vo.  with  Ornamental  Fleadings,  and  Frontis¬ 
piece  by  E.  H.  Wehnert,  9*.  6 d.  cloth. 


KIP.— THE  CHRISTMAS  HOLYDAYS  IN  ROME. 

By  the  Rev.  W.  Ingraham  Kip,  M.A.  Edited  by  the  Rev.  \V.  Sewell,  B.D.  Fellow  and 
Tutor  of  Exeter  College,  Oxford.  Foolscap  8vo.  5s.  cloth. 

KIRBY  AND  SPENCE.— AN  INTRODUCTION  TO  ENTOMOLOGY; 

Or,  Elements  of  the  Natural  History  of  Insects:  comprising  an  account  of  noxious  and 
useful  Insects,  of  their  Metamorphoses,  Food,  Stratagems,  Habitations,  Societies,  Motions, 
Noises,  Hybernation,  Instinct,  etc.  By  W.  Kirby,  M.A.  F.R.S.  &  L.S.  Rector  of  Barham; 
and  W.  Spence,  Esq.,  F.R.S.  &L.S.  NewEdition,  enlarged.  2  vols.  8vo.  31*.  6d.  cloth. 

KNOX  (ALEXANDER).  —  REMAINS  OF  ALEXANDER  KNOX,  ESQ. 

Of  Dublin,  M.R.l.A. ;  containing  Flssays,  chiefly  explanatory,  of  Christian  Doctrine;  and 
Confidential  Letters,  with  Private  Papers,  illustrative  of  the  Writer’s  Character,  Sentiments, 
and  Life.  NewEdition.  4  vols.  8vo.  21.  8*.  cloth. 

LAING.— THE  CHRONICLE  OF  THE  KINGS  OF  NORWAY, 

From  the  Earliest  Period  of  the  History  of  the  Northern  Sea  Kings  to  the  Middle  of  the 
Twelfth  Century:  commonly  called  the  Fleimskringla.  Translated  from  the  Icelandic  of 
Snorro  Sturlesou,  with  Notes,  and  a  Preliminary  Discourse,  by  Samuel  Laing,  Esq.  3vols. 
8vo.  36.1.  cloth. 

LAING.— A  TOUR  IN  SWEDEN 

In  1838 ;  comprising  Observations  on  the  Moral,  Political,and  Economical  State  of  the  Swedish 
Natiou.  By  Samuel  Laing,  Esq.  8vo.  12*.  cloth. 

LANE  (R.  I.)— LIFE  AT  THE  WATER  CURE: 

Or  a  Month  at  Malvern.  A  Diary  of  Facts  and  Fancies.  To  which  is  added  the  Sequel. 
ByRichard  J.  Lane,  A.R.A.,  Lithographer  in  Ordinary  to  Her  Majesty  and  His  Royal  High¬ 
ness  Prince  Albert.  Post  8vo.  with  many  Illustrations,  14*.  cloth. 

L.  E.  L— THE  POETICAL  WORKS  OF  LETITIA  ELIZABETH  LANDON. 

New  Edition.  4  vols.  foolscap  8vo.  with  Illustrations  by  Howard,  etc.  28*.  cloth  ;  or  bound 
in  morocco,  with  gilt  edges,  21.  4*. 

The  following  Works  separately: — 

The  IMPROVISATRICE  -  -  10*.  6d.  I  The  GOLDEN  VIOLET  -  -  -  10*.  6J. 

The  VENETIAN  BRACELF'.T  -  IDs.  fid.  |  The  TROUBADOUR  -  -  -  -  10*.  fid. 
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LARDNER’S  CABINET  CYCLOP/EDIA; 

Being-  a  Series  of  Original  Works  on  History,  Biography,  Natural  Philosophy,  Natural 
History,  Literature,  the  Sciences,  Arts,  and  Manufactures.  By  Bishop  Thirl  wall,’ Sir  James 
Mackintosh,  Sir  John  Herschel,  Sir  Walter  Scott, Thomas  Moore,  Robert  Southey,  and  other 
Eminent  Writers.  Conducted  and  edited  by  Dr.  Larduer. 


The  Series  complete  in  One  Hundred  and  Thirty-three  Volumes,  39 1. 
separately,  6*.  per  volume. 

The  Series  comprise *  :  — 

1.  Bell’s  History  of  Russia 

2.  Bell’s  Lives  of  British  Poets 

3.  Brewster’s  Treatise  on  Optics 

4.  Cooley’s  History  of  Maritime 

and  Inland  Discovery 

5.  Crowe’s  History  of  Prance 

6.  De  Morgan’s  Treatise  on  Pro¬ 

babilities  .... 

7.  De  Sismondi’s  History  of  the 

Italian  Republics  .  . 

8.  De  Sismondi’s  Fall  of  the 

Roman  Empire  .  . 

9.  Donovan’s  Treatise  on  Chem¬ 

istry  . 

10.  Donovan’s  Domestic  Econom} 

11.  Dunham’s  History  of  Spain 

and  Portugal  . 

12.  Dunham’s  History  of  Den¬ 

mark,  Sweden,  and  Nor¬ 
way  . 

13.  Dunham’s  History  of  Poland 

14.  Dunham’s  History  of  the 

Germanic  Empire 

15.  Dunham’s  History  of  Europe 

during  the  Middle  Ages  . 

16.  Dunham’s  Lives  of  British 

Dramatists  ... 

17.  Dunham’s  Lives  of  Early 

Writers  of  Great  Britain  . 

18.  Fergus’s  History  of  the 

United  States 

19.  Fosbroke’s  Grecian  and  Ro¬ 

man  Antiquities  . 

20.  Forster’s  Lives  of  the  States¬ 

men  of  the  Commonwealth 

21.  Forster,  Mackintosh,  and 

Courtenay’s  Lives  of 
British  Statesmen 

22.  Gleg’s  Lives  of  Military  Com 

manders  .  .  . 

23.  Grattan's  History  of  the 

Netherlands 

24.  Henslow’s  Treatise  on 

Botany 

2a.  Herschel’s  Treatise  on  As 
tronomy  . 

26.  Herschel’s  Preliminary  Dis 

course  on  the  Study  o 
Natural  Philosophy  . 

27.  History  of  Rome  . 

28.  History  of  Switzerland  . 

29.  Holland’s  Treatise  on  th 

Manufactures  iu  Metal 

30.  James’s  Lives  of  Foreign 

Statesmen  ... 

31.  Katerand  Lardnei’s  Treatise 

on  Mechanics 


18*.  The  Works 


3  vols. 

18*. 

32.  Keightley’s  Outlines  of  His¬ 

2  vols. 

12*. 

tory  . 

1  vol. 

6*. 

1  vol. 

6*. 

33.  Lardner’s  Treatise  on  Arith¬ 

1  vol. 

metic  . 

6*. 

3  vols.  18*. 

34.  Lardner’s  Treat,  on  Geometry 

1  vol. 

6*. 

3  vols . 

18s. 

35.  Lardner’s  Treatise  on  Heat  . 

36.  Lardner’s  Treatise  on  Hydro¬ 

1  vol. 

6*. 

1  vol. 

6s. 

statics  and  Pneumatics 

1  vol. 

6s. 

37.  Lardner  and  Walker’s  Elec¬ 

1  vol. 

6s. 

tricity  and  Magnetism 

2  vols. 

12*. 

38.  Mackintosh,  Wallace,  and 

2  vols. 

Us. 

Bell’s  History  of  England, 

10  vols. 

60s. 

39.  Montgomery  and  Shelley’s 

1  vol. 

-,  2  vols. 

6s. 

Us. 

Lives  of  Italian,  Spanish, 
and  Portuguese  Authors  . 

3  vols. 

18*. 

40.  Moore’s  History  of  Ireland  . 

4  vols. 

24*. 

5  vols.  30f. 

41.  Nicolas’s  Chronology  of 

History  .... 

1  vol. 

6*. 

42.  Phillips’s  Treat,  on  Geology 

2  vols. 

12*. 

3  vols. 

18*. 

43.  Powell’s  History  of  Natural 

1  vol. 

6*. 

Philosophy  .  . 

1  vol. 

6*. 

44.  Porter’s  Treatise  on  the 

3  vols. 

IS*. 

Manufacture  of  Silk  . 

1  vol. 

6s. 

45.  Porter’s  Treatise  on  the 

4  vols. 

24*. 

Manufacture  of  Porcelain 
and  Glass  .... 

1  vol. 

6s. 

2  vols.  12*. 

46.  Roscoe’s  Lives  of  British 
Lawyers  .... 

1  vol. 

6*. 

1  vol. 

6#. 

47-  Scott’s  History  of  Scotland  . 

2  vols.  12*. 

43.  Shelley’s  Lives  of  French 

2  vols.  12*. 

Authors  .... 

2  vols. 

12*. 

49.  Shuckard  and  Swainson’s 

2  vols. 

12s. 

Treatise  on  Insects  . 

1  vol. 

6*. 

50.  Southey’s  Lives  of  British 

5  vols. 

30*. 

Admirals  .... 

5  vols. 

30*. 

51.  Stebbing’s  History  of  the 

2  vols. 

12*. 

Church  . 

7  vols.  42*. 

52.  Stebbing’s  History  of  the 

Reformation 

2  vols.  125. 

3  vols. 

18  s. 

53.  Swainson’s  Preliminary  Dis¬ 

1  vol. 

course  on  Natural  History, 

6s. 

1  vol. 

6$. 

54.  Swainsou’s  Natural  History 

and  Classification  of 
Animals  .... 

1  vol. 

6*.  \ 

1  vol. 

G*. 

65.  Swainson’s  Habits  and  In¬ 

1  vol. 

6s. 

stincts  of  Animals  .  . 

1  vol. 

6s. 

56.  Swainson’s  Quadrupeds 

1  vol. 

6*. 

57.  Swainson’s  Birds  . 

2  vols. 

12*. 

1  vol. 

6s. 

58.  Swainson’s  Fish,  Reptiles, 

2  vols. 

Us. 

etc.  ..... 

2  vols. 

12*. 

1  vol. 

6s. 

59.  Swainson’s  Shells  and  Shell¬ 

fish  . 

1  vol. 

C*. 

3  vols.  IS*. 

60.  Swainson’s  Animals  in  Me¬ 

1  vol. 

6s. 

nageries  .... 

5  vols. 

30*. 

61.  Swaiuson’s  Taxidermy  and 

1  vol. 

6*. 

Bibliography  , 

1  vol. 

6*. 

62.  Thirlwail’s  History  of  Greece 

8  vols.  48*. 

1 

c 
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NEW  WORKS  and  NEW  EDITIONS 


! 


LANETON  PARSONACE: 

A  Tale  for  Children,  on  the  practical  use  of  a  portion  of  the  Church  Catechism.  By  the 
author  of  “  Amy  Herbert,”  and  “Gertrude.”  Edited  by  the  Rev.  W.  Sewell,  B.D.  New 
Edition.  Parts  I.  and  II.  fcap.  Svo.  5s.  each,  cloth. 


LATHAM.— ON  DISEASES  OF  THE  HEART. 

Lectures  on  Subjects  connected  with  Clinical  Medicine  ;  comprising  Diseases  of  the  Heart. 
By  P.  M.  Latham,  M.D.  Physician  Extraordinary  to  the  Queen  ;  and  late  Physician  to  St. 
Bartholomew’s  Hospital.  New  Edition.  2  vols.  12mo.  16s.  cloth. 

LEE. — TAXIDERMY ; 

Or.  the  Art  of  Collecting,  Preparing,  and  MountingObjects  of  Natural  History.  For  the  use 
of  Museums  and  Travellers.  By  Mrs. R. Lee.  New  Edition,  improved  ;  with  an  account  of  a 
Visit  to  Walton  Hall,  and  Mr.  Waterton’s  Method  of  Preserving  Animals.  Fcap.  8vo.  with 
Woodcuts,  7a. 


LEE.— ELEMENTS  OF  NATURAL  HISTORY, 

For  the  Use  of  Schools  and  Young  Persons:  comprising  the  Principles  of  Classification, 
interspersed  with  amusing  and  instructive  Accounts  of  the  most  remarkable  Animals.  By 
Mrs.  R.  Lee.  12mo.  with  55  Woodcuts,  7s.  6 d.  bound. 


LEMPRIERE.— A  CLASSICAL  DICTIONARY; 

Containing  a  copious  Account  of  all  the  Proper  Names  mentioned  in  Ancient  Authors  ;  with 
the  Value  of  Coins,  Weights,  and  Measures,  used  amongst  the  Greeks  and  Romans;  and  a 
Chronological  Table.  By  T.  Lempribre,  D.D.  New  Edition,  corrected.  8vo.  9s.  cloth. 


LESLIE  (C.R.)— MEMOIRS  OF  THE  LIFE  OF  JOHN  CONSTABLE,  ESQ. 

R.A.  Composed  chiefly  of  his  Letters.  By  C.  R.  Leslie,  R.  A.  Second  Edition,  with  further 
Extracts  from  his  Correspondence.  Small  4to.  with  two  Portraits  (one  from  a  new  Sketch, 
by  Mr.  Leslie,)  and  a  plate  of  “  Spring,”  engraved  by  Lucas,  21s.  cloth. 


|  LETTERS  TO  MY  UNKNOWN  FRIENDS. 

By  a  Lady.  New  Edition.  Foolscap  8vo.  6s.  6<f.  cloth. 

LINDLEY.— AN  INTRODUCTION  TO  BOTANY. 

By  Prof.  J.Lindley.Ph.D.  F.R.S.  L.S.  etc.  New  Edition,  with  Corrections  and  considerable 
Additions.  8vo.  with  Six  Plates  and  numerous  Woodcuts,  18».  cloth. 

j  LINDLEY.— A  SYNOPSIS  OF  THE  BRITISH  FLORA, 

Arranged  according  to  the  Natural  Orders.  By  Professor  John  Lindley,  Ph.  D.,  F.R.S.,etc. 
New  Edition,  with  numerous  Additions  and  improvements.  12mo.  10*.  fid.  cloth. 

LINDLEY.— THE  THEORY  OF  HORTICULTURE; 

j  Or,  an  Attempt  to  Explain  the  Principal  Operations  of  Gardening  upon  Physiological  Prin¬ 

ciples.  By  John  Lindley,  Ph.D.  F.R.S.  Svo.  with  Illustrations  on  Wood,  12s.  cloth. 

!  LINDLEY.— GUIDE  TO  THE  ORCHARD  AND  KITCHEN  CARDEN; 

Or,  an  Account  of  the  most  valuable  Fruits  and  Vegetables  cultivated  in  Great  Britain  :  with 
Kalendars  of  the  Work  required  in  the  Orchard  and  Kitchen-Garden  during  every  Month  in 
the  Year.  By  George  Lindley,  C.M.H.S.  Edited  by  Professor  Lindley.  8vo.  lfis.  boards. 

LINWOOD  (W.)— ANTHOLOCIA  OXONIENSIS  ; 

Sive,  Florilegium  e  lusibus  poeticis  diversorum  Oxoniensium  Grtecis  et  Latinis  decerptum. 
Curante  Gulielmo  Linwood,  MA.  .fEdis  Christ!  Alurnmo.  8vo.  14s.  cloth. 

LOUDON  (MRS.)— THE  AMATEUR  CARDENER’S  CALENDAR; 

Being  a  Monthly  Guide,  as  to  what  should  be  avoided  as  well  as  what  should  be  done  in  a 
Garden  in  each  Month:  with  plain  Rules  how  to  do  what  is  requisite  ;  Directions  for  laying 
out  and  planting  Kitchen  and  Flower  Gardens,  Pleasure  Grounds,  and  Shrubberies;  and  a 
short  account,  in  each  Month,  of  the  Quadrupeds,  Birds,  and  Insects, then  most  injurious  to 
Gardens.  By  Mrs.  Loudon,  lfimo.  with  numerous  Wood  Engravings,  7s.  6<L  cloth. 

LOUDON  (MRS.)— THE  LADY’S  COUNTRY  COMPANION; 

Or,  How  to  Enjoy  a  Country  Life  Rationally.  By  Mrs.  Loudon,  author  of  “Gardening  for 
Ladies,” etc.  New  Edition.  Foolscap  8vo.,  with  Plate  and  Woodcuts,  7s.  6rf.  cloth. 

LOUDON  (J.  C.y- SELF-INSTRUCTION  FOR  YOUNC  CARDENERS, 

Foresters,  Bailiffs,  Land  Stewards,  and  Farmers;  in  Arithmetic,  Book-keeping,  Geo¬ 
metry,  Mensuration,  Practical  Trigonometry,  Mechanics,  Land-Surveying,  Levelling, 
Planning  and  Mapping,  Architectural  Drawing,  and  Isometrical  Projection  and  Perspective; 
with  Examples  shewing  their  applications  to  Horticultural  and  Agricultural  Purposes. 
By  the  late  J.  C.  Loudon,  F.L.S.  H.S.  etc.  With  a  Portrait  of  Mr.  Loudon,  and  a  Memoir 
by  Mrs.  Loudon.  8vo.  with  Wood  Engravings,  7s.  6<L  cloth. 
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LOUDON.— AN  ENCYCLOPEDIA  OF  TREES  AND  SHRUBS; 

Being  the  “Arboretum  et  Fruticetum  Britannicum”  abridged:  containing  the  Hardy  Trees 
and  Shrubs  of  Great  Britain,  Native  and  Foreign,  scientifically  and  popularly  described  : 
with  their  Propagation,  Culture,  and  Uses  in  the  Arts.  By  J.  C.  Loudon,  F.L.S.  etc.  8vo.  with 
upwards  of  2,00U  Engravings  on  Wood,  2/.  Ills,  cloth. 

A  New  Edition  of  the  Original  Work,  in  8  vols.  8vo.  with  above  400  octavo  Plates  of  Trees, 
and  upwards  of  2,300  Woodcuts,  10/.  cloth. 

LOUDON.— AN  ENCYCLOPEDIA  OF  CARDENINC  ; 

Presenting  in  one  systematic  view,  the  History  and  Present  State  of  Gardening  in  all  Coun¬ 
tries,  and  its  Theory  and  Practice  in  Great  Britain:  w'ith  the  Management  of  the  Kitchen 
Garden,  the  Flower  Garden,  Laving-out  Grounds,  etc.  By  J.  C.  Loudon,  F.L.S.  etc.  A  new 
Edition.  8vo.with  nearly  1,000  Engravings  ou  Wood,  21. 10*.  cloth. 

LOUDON.— AN  ENCYCLOPEDIA  OF  ACRICULTURE  ; 

Comprising  the  Theory  and  Practice  of  the  Valuation,  Transfer,  Laying-out,  Improvement, 
and  Management  of  Landed  Property,  and  of  the  cultivation  and  economy  of  the  Animal  and  ' 
Vegetable  Productions  of  Agriculture,  including  all  the  latest  improvements.  By  J.  C. 
Loudon,  F.L.G.Z.  and  H.S.  etc.  Fifth  Edition.  8vo.  with  upwards  of  1,100  Engravings  on 
Wood,  by  Branston,  2L10*.  cloth. — The  Supplement,  separately,  5s.  sewed. 

LOUDON.— AN  ENCYCLOPEDIA  OF  PLANTS; 

Including  all  the  Plants  which  are  now  found  in,  or  have  been  introduced  into, Great  Britain  ; 
giving  their  Natural  History,  accompanied  by  such  Descriptions,  Engraved  Figures,  and 
Elementary  Details,  as  may  enable  a  beginner,  who  is  a  mere  English  reader,  to  discover  the 
name  of  every  Plant  which  he  may  find  in  flower,  and  acquire  all  the  information  respecting 
it  which  is  useful  and  interesting.  By  J.  C.  Loudon,  F.L.S.,  etc.  The  Specific  Characters 
by  an  Eminent  Botanist ;  the  Drawings  by  J.  D.  C.  Sowerbv,  F.L.S.  A  new  Edition,  with  a 
new  Supplement  and  a  new  Index.  8vo.  with  nearly  10,000  Wood  Engravings,  73s.  6 d.  cloth. 

LOUDON.— AN  ENCYCLOPEDIA  OF  COTTACE,  FARM,  AND  VILLA 

ARCHITECTURE  and  FURNITURE.  Containing  Designs  for  Cottages,  Villas,  Farm 
Houses,  Farmeries,  Country  Inns,  Public  Houses,  Parochial  Schools,  etc. ;  with  the  requisite 
Fittings-up,  Fixtures,  and  Eurniture,  and  appropriate  Offices,  Gardens,  and  Garden  Scenery: 
each  Design  accompanied  by  Analytical  and  Critical  Remarks.  ByJ.  C.  Loudon,  F.L.S. 
etc.  New  Edition,  Edited  by  Mrs.  Loudon.  8vo.  with  more  than  2,000  Engravings  on  Wood, 
63*.clotli. — The  Supplement, separately,  8vo.  7*.  6 of.  sewed. 

LOUDON.— HORTUS  BRITANNICUS: 

A  Catalogue  of  all  the  Plants  indigenous  to  or  introduced  into  Britain.  New  Edition, 
with  a  Supplement,  prepared,  under  the  direction  of  J.  C.  Loudon,  by  W.  H.  Baxter,  and 
revised  by  George  Don,  F.L.S.  8vo.  31*. 6d.  cloth. 

LOUDON.— THE  SUBURBAN  CARDENER  AND  VILLA  COMPANION: 

Comprising  the  Choice  of  a  Villa  or  Suburban  Residence,  or  of  a  Situation  on  which  to  form 
one;  the  Arrangement  and  Furnishing  of  the  House;  and  the  Laying-out,  Planting,  and 
general  Management  of  the  Garden  and  Ground  ;  the  whole  adapted"  for  Grounds  from  one 

fierch  to  fifty  acres  and  upwards  in  extent;  intended  for  the  instruction  of  those  who  know  J 
ittle  of  Gardening  or  Rural  Affairs,  and  more  particularly  for  the  use  of  Ladies.  ByJ.  C.  | 
Loudon,  F.L.S.,  etc.  8vo.  with  above  300  Wood  Engravings,  20*.  cloth. 

LOUDON.— HORTUS  LICNOSUS  LONDINENSIS  ; 

Or,  a  Catalogue  of  all  the  Ligneous  Plants  cultivated  in  the  neighbourhood  of  London.  To  i 
which  are  added  their  usrual  Prices  in  Nurseries.  ByJ.  C.  Loudon,  F.L.S.  etc.  8vo.  7*.  0  d. 

LOW.— ON  LANDED  PROPERTY,  AND  THE  ECONOMY  OF  ESTATES: 

Comprehending  the  Relations  between  Landlord  and  Tenant,  and  the  Principles  and  Forms 
of  Leases;  of  Farm  Buildings,  Enclosures,  Drains,  Embankments,  Roads,  and  other  Rural 
Works,  Minerals,  and  Woods.  By  David  Low,  Esq.  F.R.S.E.  etc.,  author  of  “Elements 
of  Practical  Agriculture,”  etc.  8vo.  with  numerous  Wood  Engravings,  21*.  cloth. 

LOW.— AN  INQUIRY  INTO  THE  NATURE  OF  THE  SIMPLE  BODIES  OF 

CHEMISTRY.  By  D.  Low,  F.R.S.E.  Professor  of  Agriculture  in  the  University  of  Edinburgh  ; 
author  of  “  Elements  of  Practical  Agriculture,”  “  A  Treatise  on  Landed  Property  and  the 
Economy  of  Estates,”  “  A  Treatise  on  the  Breeds  of  the  British  Dome»ticated  Animals,” 

“  The  Breeds  of  the  Domesticated  Animals  of  Great  Britain  Illustrated  and  Described.” 

2d  Edition,  enlarged  and  improved.  8vo.  9*.  cloth. 

LOW.— ON  THE  DOMESTICATED  ANIMALS  OF  CREAT  BRITAIN, 

Comprehending  the  Natural  and  Economical  History  of  the  Species  and  Breeds;  Illustrations 
of  the  Properties  of  External  Form;  and  Observations  on  the  Principles  and  Practice  of 
Breeding.  By  David  Low,  Esq.,  F.R.S.E.,  Professor  of  Agriculture  ill  the  University  of 
Edinburgh,  etc.;  author  of  “Elements  of  Practical  Agriculture,”  etc.  8vo.  with  Engravings 
on  Wood,  25*.  cloth. 
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NEW  WORKS  and  NEW  EDITIONS 


LOW.— THE  BREEDS  OF  THE  DOMESTICATED  ANIMALS  OF  CREAT 

BRITAIN  described.  By  David  Low,  Esq.  F.R.S.E.,  Professorof  Agriculture  in  the  Univer¬ 
sity  of  Edinburgh,  etc.  The  Plates  from  drawings  by  W.  Nicholson,  R.S.A.,  reduced 
from  a  Series  of  Oil  Paintings,  executed  for  the  Agricultural  Museum  ot  the  University  of 
Edinburgh,  by  W.  Shiels,  R.S.A.  2  vols.  atlas  quarto,  with  56  Plates  of  Animals,  beautifully 
coloured  after  Nature,  16/.  16s.  half-bound  in  morocco. 


Or  in  four  separate  portions,  as  follow:  — 


The  OX.  1  Vol.  With  22  Plates,  price  6 l. 

16s.  6 d.  half-bound  morocco. 

The  SHEEP.  1  Vol.  With  21  Plates, price 
61. 16s.6d.half-boundmoroeco. 


The  HORSE.  1  Vol.  With  8  Plates,  price 
3 1.  half-bound  morocco. 

The  HOG.  1  Vol.  Witho  Plates, price  21.  2#. 
half  bound  morocco. 


LOW. — ELEMENTS  OF  PRACTICAL  ACRICULTURE; 

Comprehending  the  Cultivation  of  Plants,  the  Husbandry  of  the  Domestic  Animals,  and  the 
Economy  of  the  Farm.  By  David  Low,  Esq.  F. 11. S.E.,  Professor  of  Agriculture  in  the  Uni¬ 
versity  of  Edinburgh.  New  Edition.  8vo.  with  an  entirely  new  set  of  above  200  wood- 
cuts,  21s.  clotb. 


MACAULAY.— CRITICAL  AND  HISTORICAL  ESSAYS  CONTRIBUTED  TO 

THE  EDINBURGH  REVIEW.  By  the  Right  Hon.  Thomas  Babington  Macaulay,  M.P. 
New  Edition.  3vols.  8vo. 36s. cloth. 


MACAULAY.— THE  HISTORY  OF  ENGLAND, 

From  the  Accession  of  James  II.  By  Thomas  Babington  Macaulay.  Vols.  I.  and  II.  8vo. 

[In  the  press. 


MACAULAY.— LAYS  OF  ANCIENT  ROME.  , 

With  “  Ivry  ”  and  ''  The  Armada. 33  By  the  Right  Honorable  Thomas  Babington  Macanlay , 
M.P.  New  Edition.  16mo.  4s.  6d.  cloth;  morocco,  10s.  6d.  (by  Hayday). 

MACAULAY.— MR.  MACAULAY’S  LAYS  OF  ANCIENT  ROME. 

A  New  Edition.  With  numerous  Illustrations,  Original  and  from  the  Antique,  drawn  on 
Wood  by  George  Scharf,  jun.;  and  engraved  by  Samuel  Williams.  Fcp.  4to.  2ls.  boards; 
morocco,  42s.  (bound  by  Hayday) . 

MACKAY  (CHARLES).— THE  SCENERY  AND  POETRY  OF  THE  ENCLISH 

LAKES:  a  Summer  Ramble.  By  Charles  Mackay,  Esq.  LL.D.  author  of  “Legends  of  the 
Isles,”  “The  Salamandrine,”  “  The  Thames  and  its  Tributaries, 33  etc.  Svo.  with  beautiful 
Wood  Engravings  from  Original  Sketches,  14s.  clotb. 

MACKINTOSH  (SIR  JAMES).— THE  LIFE  OF  SIR  THOMAS  MORE. 

By  the  Right  Hon.  Sir  James  Mackintosh.  Reprinted  from  the  Cabinet  Cyclopedia. 
Foolscap  Svo.  with  Portrait,  5s.  cloth;  or  bound  in  vellum,  8s. 


MACKINTOSH’S  (SIR  JAMES)  MISCELLANEOUS  WORKS; 

Including  his  Contributions  to  The  EDINBURGH  REVIEW.  Edited  by  Robert  James 
Mackintosh,  Esq. .  3  vols.  Svo.  42s.  cloth. 


M’CULLOCH. — A  DICTIONARY,  GEOGRAPHICAL,  STATISTICAL,  AND 

HISTORICAL,  of  the  various  Countries,  Places,  and  Principal  Natural  Objects  in  the  World. 
By  J .  R .  M'Culloch,  Esq.  A  new  Edition.  2  vols.  8vo.  with  Six  large  Maps,  41.  clotb. 

*  *  The  new  Articles  are  printed  separately  as  a  Supplement  to  the  former  Edition.  They 
comprise  a  full  account  of  the  present  state  of  the  United  Kingdom ,  the  Oregon  Territory , 
etc.  8 vo.  5s.  sewed. 


M’CULLOCH. — A  DICTIONARY,  PRACTICAL,  THEORETICAL.  AND 

HISTORICAL,  OF  COMMERCE,  AND  COMMERCIAL  NAVIGAilON.  By  J.  R. 
M'Culloch,  Esq.  A  New  Edition,  corrected,  enlarged,  and  improved.  8vo.  with  Maps  and 
Plans,  50s.  cloth;  or  55s.  strongly  half-bound  in  russia. 

A  SUPPLEMENT  to  the  Editions  published  in  1844  and  1846  may  be  had  separately, 
price  4s.  6 d.  sewed. 


M’CULLOCH.— A  TREATISE  ON  THE  SUCCESSION  TO  PROPERTY 

VACANT  BY  DEATH  :  including  Inquiries  into  the  Influence  of  Primogeniture,  Entails, 
the  Law  of  Compulsory  Partition,  Foundations,  etc.  over  the  Public  luterests.  By  J.  K. 
M'Culloch,  Esq.  8vo.  6s.  6 d.  cloth. 


M’CULLOCH  (J.  R.)— AN  ACCOUNT,  DESCRIPTIVE,  AND  STATISTICAL, 

of  the  BRITISH  EMPIRE  ;  exhibitingits  Extent,  Physical  Capacities,  Population,  Industry, 
and  Civil  and  Religious  Institutions.  By  J.  R.  M'Culloch,  Esq.  3d  Edition,  corrected, 
enlarged,  and  greatly  improved.  2  thick  vols.  8vo.  42s.  cloth. 
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M'CULLOCH.— 1 THE  LITERATURE  OF  POLITICAL  ECONOMY; 

Being  a  Classified  Catalogue  of  the  principal  Works  in  the  different  departments  of  Political 
Economy,  interspersed  with  Historical,  Critical,  and  Biographical  Notices.  By  J.  K. 
M'Cullocn,  Esq.  8vo.  14s.  cloth. 

M'CULLOCH.— A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICAL 

INFLUENCE  OF  TAXATION  AND  THE  FUNDING  SYSTEM.  By  J.  R.  M'CuIloch, 
Esq.  8vo.  10s.  cloth. 

MADAME  DE  MALCUET: 

A  Tale  of  1820.  3  vols.  postSvo.  31s.  6d.  boards. 

“  One  nf  the  most  fascinating  productions  of  the  present  dap.  The  story  is  well  told  ;  and 
the  incidents  are  all  grouped  together  with  the  skill  of  a  painter  and  the  hand  of  a  master. 
Few  works  of  fiction  have  appeared  at  any  time,  and  fewer  still  in  more  recent  days,  which 
will  bear  any  comparison  with  this,  in  all  the  essential  attributes  of  a  good  novel." 

Observer. 

MAITLAND  (DR.  CHARLES).— THE  CHURCH  IN  THE  CATACOMBS: 

A  Description  of  the  Primitive  Church  of  Rome,  illustrated  by  its  Sepulchral  Remains. 
By  Charles  Maitland,  M.D.  New  Edition,  revised.  8vo.  with  numerous  Engravings  on  Wood. 
14s.  cloth.  b 

MARCET.— CONVERSATIONS  ON  CHEMISTRY; 

In  which  the  Elements  of  that  Science  are  familiarly  Explained  and  Illustrated  by  Experi' 
ments.  By  Mrs.  Marcet.  New  Edition, corrected.  2  vols.  foolscap  8vo.  14s.  cloth. 

MARCET.— CONVERSATIONS  ON  NATURAL  PHILOSOPHY; 

In  which  the  Elements  of  that  Science  are  familiarly  explained,  and  adapted  to  the  compre¬ 
hension  of  Young  Persons.  By  Mrs.  Marcet.  New  Edition,  enlarged  and  corrected.  Fcap. 
8vo.  with  23  Plates,  10s.  6d.  cloth. 

MARCET.— CONVERSATIONS  ON  POLITICAL  ECONOMY; 

In  which  the  Elements  of  that  Science  are  familiarly  explained.  By  Mrs.  Marcet.  New 
Edition, revised  and  enlarged.  Foolscap  8vo.  7*.  Gd.  cloth. 

MARCET.— CONVERSATIONS  ON  VEGETABLE  PHYSIOLOCY; 

Comprehending  the  Elements  of  Botany,  with  their  application  to  Agriculture.  By  Mrs. 
Marcet.  New  Edition.  Foolscap  8vo.  with  Four  Plates,  9s.  cloth. 

i  MARCET.— CONVERSATIONS  ON  LAND  AND  WATER.  | 

By  Mrs.  Marcet.  New  Edition  revised  and  corrected.  Foolscap  8vo.  with  coloured  Map  | 
shewing  the  comparative  Altitude  of  Mountains,  os.  6rf.  cloth. 

MARGARET  PERCIVAL. 

By  the  Author  of  “  Amy  Herbert.”  Edited  by  the  Rev.  W.  Sewell,  B.D.,  Fellow  andTutor 
of  Exeter  College,  Oxford.  New  Editiou.  2  vols.  foolscap  Svo.  12s.  cloth. 

MARRYAT.— BORNEO  AND  THE  EAST  INDIAN  ARCHIPELAGO. 

By  Francis  S.  Marryat,  late  Midshipman  of  H.M.S.  Samarang,  Surveying  Vessel,  With 
many  Drawings  of  Costume  and  Scenery,  from  Original  Sketches  made  on  the  spot  by  Mr. 
Marryat.  Imperial  8vo.  with  numerous  Lithographic  Plates  and  Wood  Engravings,  31s.  6d. 
cloth. 

MARRYAT  (CAPT.)— MASTERMAN  READY; 

Or,  the  Wreck  of  the  Pacific.  Written  for  Young  People.  By  Captain  Marryat,  C.B.  author 
of ‘‘Peter  Simple,”  etc.  3  vols.  fcap.  8vo ,  with  numerous  Engravings  on  Wood,  22s.  6d.  cloth. 

MARRYAT.— THE  PRIVATEER'S- MAN  ONE  HUNDRED  YEARS  AGO. 

By  Captain  F.  Marryat,  C.B.  author  of  “  Peter  Simple,”  “  Masterman  Ready,”  etc.  2  vols. 
fcap.  8vo.  12s.  cloth. 

MARRYAT.— THE  MISSION  ; 

Or,  Scenes  in  Africa.  Written  for  Young  People.  By  Captain  Marryat.  C.B. ,  author  of 
“  Peter  Simple,”  ‘‘Masterman  Ready,”  etc.  2  vols.  fcap.  8vo.  12s.  cloth. 

MARRYAT.— THE  SETTLERS  IN  CANADA. 

Written  for  Young  People.  By  Captain  Marryat,  C.B.  author  of  “Peter  Simple,” 

“  Masterman  Ready,”  etc.  New  Edition.  Fcap.  8vo.  with  two  Illustrations,  7s.  firf.  cloth. 

MATTEUCCI.- LECTURES  ON  THE  PHYSICAL  PHCENCMENA  OF 

LIVING  BEINGS.  By  Signor  Carlo  Matteucci,  Professor  of  the  University  of  Pisa. 
Translated  under  the  superintendence  of  J.  Pereira,  M.D.  F.R.S.  Vice-President  of  the 
Royal  Medical  and  Chirurgical  Society.  12mo.  9s.  cloth. 


w 


MAUNDER.— THE  TREASURY  OF  KNOWLEDGE, 

And  LIBRARY  of  REFERENCE  :  a  popular  Compendium  of  Universal  Knowledge.  By 
Samuel  Maunder.  New  Edition,  revised  throughout  and  enlarged.  Foolscap  Svo.  10*. 
cloth  ;  bound  in  roan,  12s. 


The  principal  contents  of  the  present  new  and  thoroughly  revised  edition  of“  TheJ'ren' 
sury  of  Knowledge”  are-a  new  and  enlarged  English  Dictionary, with a  <**m™£j"**\ 
Distinctions,  and  Exercises;  anew  Universal  Gazetteer;  a  compendious  Classical  Dictionary; 
an  Analysis  of  History  and  Chronology;  a  Dictionary  of  Law  Terms;  a  new  Synopsis  oj  the 
British  Peerage  ;  and  various  useful  tabular  Addenda. 


MAUNDER.— THE  SCIENTIFIC  AND  LITERARY  TREASURY  : 


A  New  and  Popular  Encyclopedia  of  Science  and  the  Belles  Lettres ;  includingall  Branches 
of  Science,  and  every  Subject  connected  with  Literature  and  Art.  The  whole  written  in  a 
familiar  style,  adapted  to  the  comprehension  of  all  persons  desirous  of  acquiring  information 
on  the  subjects  comprised  in  the  work,  and  also  adapted  for  a  Manual  of  convenient  Refer¬ 
ence  to  the  more  instructed.  By  Samuel  Maunder.  NewEdition.  Fcap.  8vo.  10s.  cloth;  bound 
in  roan,  12s. 


MAUNDER.— THE  BIOGRAPHICAL  TREASURY  : 

Consisting  of  Memoirs,  Sketches,  and  brief  Notices  of  above  12,000  Eminent  Persons  of  nil 
Ages  and  Nations,  from  the  Earliest  Period  of  History ;  forming  a  new  and  complete  D  c- 
t ionary  of  Universal  Biography.  By  Samuel  Maunder.  New  Edition,  revised  throughout, 
with  a  copious  Supplement.  Foolscap  8vo.  10s.  cloth  ;  bound  in  roan,  1-s. 


MAUNDER.— THE  TREASURY  OF  HISTORY; 

Comprising  a  General  Introductory  Outline  of  Universal  History,  Ancient  and  Modern,  and 
a  Series  of  separate  Histories  of  every  principal  Nation  that  exists,  developing  «  . 

Progress,  and  Present  Condition,  the  Moral  and  Social  Character  of  their  respective 
Inhabitants,  their  Religion,  Manners,  and  Customs,  etc.  etc.  By  Samuel  Maunder.  New  Edit. 

Fcap.  8vo.  10s.  cloth;  bound  in  roan,  12s. 


MAUNDER.— THE  TREASURY  OF  NATURAL  HISTORY ; 


Or  a  Popular  Dictionary  of  Animated  Nature:  in  which  Zoological  Characteristics  tha. 
distinguish  the  different  Classes,  Genera,  and  Species  are  combined  with  a  variety  of interest¬ 
ing  Information  illustrative  of  the  Habits,  Instincts,  and  General  Economy  of  the  Animal 
Kingdom  To  which  are  added,  a  Syllabus  of  Practical  Taxidermy,  an-.  aGlossanal  Appendix. 
Fmbellished  with  Nine  Hundred  Engravings  on  Wood,  from  Drawings  made  expressly  for 
this  Work.  By  Samuel  Maunder.  Fcp.  8vo.  with  900  Woodcuts.  10s.  cloth;  bound  in 
roan,  12s. 


MEMOIRS  OF  THE  CEOLOCICAL  SURVEY  OF  CREAT  BRITAIN, 

And  of  the  Museum  of  Economic  Geology  in  London.  Published  by  order  of  the  Lords 
Commissioners  of  Her  Majesty’s  Treasury.  Vol.  I.  Roval  Svo.  with i  U  oodcuts  and  9  Plates, 
(seven  coloured!  ,  21s.  cloth  ;  and  Vol.  II.  in  two  thick  Parts,  with  63  Plates  (three  coloured, 
and  numerous  Woodcuts,  42s.  cloth,  or,  separately,  21s.  each  Part. 


MILES  (W.)— THE  HORSE’S  FOOT, 

And  How  to  Keep  it  Sound.  By  William  Miles,  Esq.  New  Edition,  with  an  Appendix  on 
Shoeing  in  General,  and  Hunters  in  Particular.  Imperial  Svo.  with  Engravings,  9s.  cloth.— 
The  Appendix  separately,  price  2s.  6 d 


Four  casts  or  models  of  Shoes  may  be  had,  displaying  the  different  kinds  of  Shoeing, 
price  3s.  each;  or  10s.  6  d.  the  set.— No.  1.  Shod  for  General  Purposes.— No.  2.  Shod  for 
Hunting.— No.  3.  Shod  with  Leather. -No.  4.  Foot  prepared  for  Shoetng. 


MILNER  (REV 


(itihv.  J.  AND  I.)  —  THE  HISTORY  OF  THE  CHURCH  OF 

CHRIST.  Bv  the  Rev.  Joseph  Milner,  A. M.  With  Additions  and  Corrections  by  the  late 
Rev  Isaac  Milner,  D.D.  F.R.S.  A  New  Edition,  revised,  with  additional  Notes,  by  the  Rev. 
Thomas  Grantham,  B.D.,  Chaplain  to  the  Bishop  of  Kildare.  4  vols.  Svo.  52s.  cloth. 


MIRACLES  OF  OUR  SAVIOUR. 

With  rich  and  appropriate  Borders  of  Original  Design,  a  series  of  Illuminated  Figures  of  the 
Apostles  from  the  Old  Masters,  six  Illuminated  Miniatures,  and  other  Embellishments.  T>- 
the  Illuminator  of  the  “Parables.”  Square  fcap.  Svo.  in  massive  carved  covers,  21s.  ; 
bound  in  morocco,  in  the  missal  style,  30 s. 


By 

or 


MITCHELL.— JOURNAL  OF  AN  EXPEDITION  INTO  THE  INTERIOR  OF 

TROPICAL  AUSTRALIA,  in  Search  of  a  Route  from  Sydney  to  the  Gulf  of  Carpentaria. 
Bv  Lieut. -Colonel  Sir  T.  L.  Mitchell,  Knt.  D.C.L.  Surveyor-General  of  New  South,  Wales, 
and  late  elective  Member  of  the  Legislative  Council  of  that  Colony.  Svo.  with  Maps,  Views, 
and  Engravings  of  Objects  of  Natural  History,  21s.  cloth. 
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MOHAN  LAL.— LIFE  OF  THE  AMIR  DOST  MOHAMMED  KHAN  OF 

KABUL:  with  his  Political  Proceedings  towards  the  English,  Russian,  and  Persian  Govern¬ 
ments,  including  the  Victory  and  Disasters  of  the  British  Army  in  Afghanistan.  By  Mohan 
Lai,  Esq.,  Knight  of  the  Persian  Order  of  the  Lion  and  Sun;  lately  attached  to  the  Mission 
in  Kabul.  2  vols.  Svo.  with  numerous  Portraits,  3U*.  cloth. 

MONTGOMERY’S  (JAMES)  POETICAL  WORKS. 

New  and  only  complete  Edition.  With  some  additional  Poems,  and  Autobiographical 
Prefaces.  Collected  and  edited  by  Mr.  Montgomery.  4vols.  foolscap  Svo.  with  Portrait, and 
seven  other  Plates,  20*.  cloth ;  bound  in  morocco.  If.  10*. 

MOORE’S  POETICAL  WORKS; 

Containing  the  Author's  recent  Introduction  and  Notes.  Complete  in  one  volume,  uniform 
with  Lord  Byron’s  Poems.  Medium  Svo.  with  Portrait  and  Vignette,  1/.  1*.  cloth  ;  or  42s. 
bound  in  morocco,  by  Hayday. 

*»*  Also,  an  Edition  in  10  vols.  foolscap  Svo.  with  Portrait,  and  19  Plates,  2?.  10*.  cloth; 
morocco,  4 /.  10*. 

MOORE’S  LALLA  ROOKH.  AN  ORIENTAL  ROMANCE. 

New  Edition.  Medium  8vo.  illustrated  with  13  fine  Engravings, 21*.  cloth  ;  morocco,  35*.; 
with  India  Proof  Plates,  42*.  cloth. 

MOORE’S  LALLA  ROOKH.  AN  ORIENTAL  ROMANCE. 

New  Edition.  Foolscap  Svo.  with  4  Plates,  by  VVestall,  10*.  G d.  cloth;  or  14*.  bound  in 
morocco. 

MOORE’S  IRISH  MELODIES. 

Illustrated  by  D.  Maclise,  R.A.  Imp.8vo.  with  161  Designs,  engraved  on  Steel,  31.  3*. 
boards;  or  4/.  14*.  6rf.  bound  in  morrocco,  by  Hayday.  Proof  Impressions  (only  200  copies 
printed,  of  which  a  few  remain),  6/.  6*.  boards. 

*„*  India  Proofs  before  letters  of  the  161  Designs,  on  Quarter  Colombier,  in  Portfolio 
(only  25  copies  printed,  of  which  a  few  remain ),  31 1. 10*. 

India  Proofs  before  letters  of  the  51  large  Designs,  on  Quarter  Colombier,  in  Portjolto 
(only  25  copies  printed,  of  which  a  few  remain),  18/.  18*. 


MOORE’S  IRISH  MELODIES. 

New  Edition.  Fcap.  Svo.  with  Vignette  Title,  10*.  cloth;  bound  in  morocco,  13*.  6<f. 

MOORE.— THE  POWER  OF  THE  SOUL  OVER  THE  BODY, 

Considered  in  relation  to  Health  and  Morals.  By  George  Moore,  M.D.  Member  of  the 
Royal  College  of  Physicians,  Loudon,  etc.  NewEditiou.  Post  Svo. /*•  6«Z.  cloth.  t 

MOORE.— THE  USE  OF  THE  BODY  IN  RELATION  TO  THE  MIND. 

By  George  Moore,  M.D.  Member  of  the  Royal  College  of  Physicians,  London,  etc.  New 
Edition.  Post8vo.  9*.  cloth. 

MOORE.— MAN  AND  HIS  MOTIVES. 

By  George  Moore,  M.D.  Member  of  the  Royal  College  of  Physicians,  London,  etc.;  author 
of  *•  The  Power  of  the  Soul  over  the  Body,”  and  “  The  Use  of  the  Body  in  relation  to  the 
Mind.”  Post  Svo.  8*.  cloth. 

MORAL  OF  FLOWERS  (THE). 

New  Edition.  Royal  8vo.  with  24  beautifully  coloured  Engravings,  1/.  10*.  half-bound. 

MOSELEY.— ILLUSTRATIONS  OF  PRACTICAL  MECHANICS. 

By  the  Rev.  H.  Moselev,  M.A.,  Professor  of  Natural  Philosophy  and  Astronomy  in  King’s 
College,  London  ;  author  of  “  The  Mechanical  Principles  of  Engineering  and  Architec¬ 
ture.”  NewEditiou.  Fcap.  8vo.  with  Woodcuts,  8s.  cloth. 

MOSELEY.— THE  MECHANICAL  PRINCIPLES  OF  ENGINEERING  AND 

ARCHITECTURE.  By  the  Rev.  H.  Moseley,  M.A.  F.R.S.,  Professorof  Natural  Philosophy 
and  Astronomy  in  King’s  College,  London;  and  author  of  “  Illustrations  of  Practical 
Mechanics,” etc.  8vo.  with  Woodcuts  and  Diagrams,  1/.4*.  cloth. 

MOSHEIM’S  ECCLESIASTICAL  HISTORY, 

Ancient  and  Modern.  Translated,  with  copious  Notes,  by  James  Murdock,  D.D.  New 
Edition,  revised,  and  continued,  by  the  Rev.  Henry  Soames,  M.A.  4  vols.  Svo.  48*.  cloth. 
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24  NEW  WORKS  AND  NEW  EDITIONS 


MURRAY.— AN  ENCYCLOP/EDIA  OF  CEOCRAPHY  ; 

comprising  a  complete  Description  of  the  Earth:  exhibiting  its  Relation  to  the  Heavenly 
Bodies,  its  Physical  Structure,  the  Natural  History  of  each  Country,  and  the  Industry,  Com¬ 
merce,  Political  Institutions,  and  Civil  and  Social  State  of  all  Nations.  By  Hugh  Murray, 
F.R.S.E.  New  Edition.  8vo.  with  82  Maps,  and  upwards  of  1,000  other  Wood  En¬ 
gravings,  31.  cloth. 

NECKER  DE  SAUSSURE.— PROGRESSIVE  EDUCATION; 

Or,  Considerations  on  the  Course  of  Life.  Translated  and  Abridged  from  the  French  of 
Madame  Necker  De  Saussure,  by  Miss  Holland.  3  vols.  foolscap  8vo.  19*.  6<f.  cloth. 

*,*  Separately — vols.  I.  and  II.  12*.  ;  vol.  III.  7 »•  6 d. 

OWEN.  — LECTURES  ON  THE  COMPARATIVE  ANATOMY  AND  PHYSI¬ 
OLOGY  of  THE  INVERTEBRATE  ANIMALS,  delivered  at  the  RoyalCollege  of  Surgeons 
in  1843.  By  Richard  Owen,  F.R.S.  Hunterian  Professor  to  the  College.  From  Notes  taken 
by  William  White  Cooper,  M.R.C.S.  and  revised  by  Professor  Owen.  With  Glossary  and 
Index.  8vo.  with  nearly  140  Woodcuts,  14*.  cloth. 

OWEN.— LECTURES  ON  THE  COMPARATIVE  ANATOMY  AND 

PHYSIOLOGY  of  the  VERTEBRATE  ANIMALS,  delivered  at  the  Royal  College  of 
Surgeons  in  1844  and  1846.  By  Richard  Owen,  F.R.S.  Hunterian  Professor  to  the  College. 
In  2  vols.  Vol.  I.  Svo.  with  numerous  Woodcuts,  14*.  cloth. 

PARABLES  OF  OUR  LORD. 

Richly  Illuminated  with  appropriate  Borders,  printed  in  Colours,  and  in  Black  and  Gold  | 
with  a  Design  from  one  of  the  early  German  engravers.  Square  foolscap  8vo.,  uniform  in 
size  with  the  “Sermon  on  the  Mount,”  21s.,  in  a  massive  carved  binding;  morocco,  30s., 
bound  by  Hayday. 

PARKES.— DOMESTIC  DUTIES; 

Or,  Instructions  to  Young  Married  Ladies  on  the  Management  of  their  Households  and  the 
Regulation  of  their  Conduct  in  the  various  Relations  and  Duties  of  Married  Life.  By  Mrs. 
W.  Parkes.  New  Edition.  Foolscap  Svo.  9s.  cloth. 


PARNELL.— A  TREATISE  ON  ROADS, 

Wherein  the  Principles  on  which  Roads  should  be  made  are  explained  and  illustrated  by  the 
Plans,  Specifications,  and  Contracts,  made  use  of  by  Thomas  Telford,  Esq.,  on  the  Holy- 
head  Road.  By  the  Rt.  Hon.  Sir  Henry  Parnell,  Bart.  New  Edition,  enlarged.  Svo.  with 
Nine  Plates,  21*.  cloth. 

PARROT.— THE  ASCENT  OF  MOUNT  ARARAT. 

By  Dr.  Friedrich  Parrot,  Professor  of  Natural  Philosophy  in  the  University  of  Dorpat, 
Russian  Imperial  Councillor  of  State,  etc.  Translated  and  Edited  by  W.  D.  Cooley,  Esq. 
author  of  the  “  History  of  Maritime  and  Inland  Discovery,”  etc.  8vo.  with  a  Map  by  Arrow- 
smith,  and  Woodcuts,  14*.  cloth. 


PEREIRA.— A  TREATISE  ON  FOOD  AND  DIET: 

With  Observations  on  the  Dietetical  Regimen  suited  for  Disordered  States  of  the  Digestive 
Organs;  and  an  Account  of  the  Dietaries  of  some  of  the  principal  Metropolitan  and  other 
Establishments  for  Paupers,  Lunatics,  Criminals,  Children,  the  Sick,  etc.  By  Jon.  Pereira, 
M.D.  F.R.S.,  author  of  “Elements  of  Materia  Medica.”  8vo.  16*.  cloth. 

PERICLES: 

A  Tale  of  Athens  in  the  83d  Olympiad.  By  the  Author  of  “A  Brief  Sketch  of  GreekPhilo- 
sophy.”  2  vols.  post  Svo.  18*.  cloth. 

|  PESCHEL  (C.  F.)— ELEMENTS  OF  PHYSICS, 

By  C.  F.  Feschel,  Principal  of  the  Royal  Military  College,  Dresden,  etc.  etc.  Translated 
from  the  German,  with  Notes,  by  E.  West.  3  vols.  fcap.  8vo.  with  Woodcuts,  21*.  cloth. 

f  Part  I.  The  Physics  of  Ponderable  Bodies.  Fcap.  8vo. /*•  6rf.  cloth. 
Separately /  part  n.  Imponderable  Bodies  ( Light,  Heat,  Magnetism,  Electricity, 

L  and  Electro-Dynamics) .  2  vols.  fcap.  Svo.  13*.  6d.  cloth. 

PHILLIPS.— FICURES  &  DESCRIPTIONS  OF  THE  PAL/EOZOIC  FOSSILS  OF 

CORNWALL,  DEVON,  and  WEST  SOMERSET ;  observed  in  the  course  of  the  Ordnance 
Geological  Survey  of  that  District.  By  John  Phillips,  F.R.S.  F.G.S.  etc.  Published  by 
Order  of  the  Lords  Commissioners  of  H.  M.  Treasury.  8vo.  with  60  Plates,  comprising 
very  numerous  Figures,  9*.  cloth. 
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SOUTH F.Y  (ROBERT).— THE  LATE  MR.  SOU7 

PLACE  BOOK;  comprising  his  Readings  and  Collections  in  Hi. 
and  Literature,  Voyages  and  Travels,  etc.  etc. 

SOUTHEY  (ROBERT)— THE  DOCTOR,  ETC. 

By  the  late  Robert  Southey.  A  New  Edition,  complete  in  O 
Author’s  Son-in- Law,  the  Rev.  John  Wood  Warter.  Squar 
Vignette  Title-page,  and  Bust  of  the  Author,  21s.  cloth. 

SOUTHEY.— THE  LIFE  OF  WESLEY, 

And  Rise  and  Progress  of  Methodism.  By  Robert  Southey,  Es< 

Note,  by  the  late  Samuel  Taylor  Coleridge,  Esq.,  and  Remark 
of  John  Wesley,  by  the  late  Alexander  Knox,  Esq.  Edited  b) 

Southey,  A. M.  Curate  of  Cockermouth.  2  vols.  8vo.  with  two 

SOUTHEY’S  (ROBERT)  COMPLETE  POETICAL  V 

Containing  allthe  Author’s  last  Introductions  and  Notes.  Ct* 
with  Portrait  and  Vignette,  uniform  with  Byron’s  and  Moo: 

21*.  cloth;  or  42s.  bound  in  morocco,  by  Hayday. 

Also,  an  Edition  in  10  vols.  foolscap  Svo.  with  Portrait  and  19 

SPIRIT  OF  THE  WOODS  (THE). 

By  the  Author  of  “The  Moral  of  Flowers.”  New  Editio) 
coloured  Engravings  of  the  Forest  Trees  of  Great  Britain,  1\ 

STABLE  TALK  AND  TABLE  TALK;  OR,  SPE\ 

SPORTSMEN.  By  Harry  Hieover.  2  vols.  8vo.  with  Portr\ 

STEEL’S  SHIPMASTER’S  ASSISTANT. 

Compiled  for  the  use  of  Merchants,  Owners  and  Masters  of  Sh\ 
all  Persons  connected  with  Shipping  or  Commerce  ;  containing 
tions  affecting  the  Ownership,  Charge,  and  Management  of, 
together  with  Notices  of  other  Matters,  and  all  necessary  InfoA 
Edition,  rewritten  throughout.  Edited  by  Graham  Willmore,  Ev 
George  Clements,  of  the  Customs,  London,  and  William  Tate} 

Cambist.”  8vo. 28s.  cloth;  or  29s.  bound. 

STEPHEN.— THE  HISTORY  OF  THE  CHURCH  OF  SCOT 

From  the  Reformation  to  the  Present  Time.  By  Thomas  Stephen,  a, 
the  Constitution,”  “  Spirit  of  the  Church  of  Rome,”  etc.  4  vols.  8vo. 

Portraits,  engraved  on  Steel,  32,. cloth. 

STEPHENS.— A  MANUAL  OF  BRITISH  COLEOPTERA  ; 

Or,  BEETLES  :  containing  a  Description  of  all  the  Species  of  Beetles  hitln 
inhabit  Great  Britain  and  Ireland,  etc.  By  J.  F.  Stephens,  F.L.S.  Post*. 

STEWART.— THE  MEANS  OF  FACILITATING  THE  TRANSFER  c 

In  Three  Lectures.  By  James  Stewart,  Esq.,  of  Lincoln’s  Inn,  Barrister.  Svo. 

THE  SUITOR’S  INSTRUCTOR  IN  THE  PRACTICE  OF  THE  COv 

COURTS:  containing  all  the  Information  necessary  for  Conducting  or  Defending  a  .. 
the  Fees  payable  on  each  Step  ;  Definitions  of  the  Legal  Terms  used  in  the  Proceedings;  a. 
Abstract  of  the  Act  of  Parliament;  the  Rules  of  Practice,  etc.  etc.  Also  a  District  Direc. 
tory,  giving  the  Names  of  all  the  Streets  (and  the  number  of  Houses  in  each  Street)  which 
form  tlie  Boundaries  of  the  Metropolitan  Districts  ;  made  from  an  actual  Perambulation 
around  each:  and  a  List  of  the  Country  Districts.  By  a  County  Court  Assistant  Clerk. 
12mo.  4*.  6 d.  cloth. 

SUMMERLY.— THE  SEA  AND  THE  RAILWAY  : 

Their  new  Relations  set  forth  in  a  Jaunt  along  the  Manchester,  Sheffield,  and  Lincolnshire 
Railway  to  Grimsby  Docks,  by  Felix  Summerly.  With  Woodcuts  by  C.  W.  Cope,  A.R.A. ; 
D.  Cox,  jun. ;  T.  Creswick,  A.R.A. ;  and  R.  Redgrave,  A.R.A.  [Nearly  ready. 

SYMONDS.— THE  LAW  RELATING  TO  MERCHANT  SEAMEN, 

Arranged  chiefly  for  the  use  of  Masters  and  Officers  in  the  Merchant  Service.  With  an 
Appendix,  containing  the  Act  7  &  8  Vic.  c.  112;  the  Regulations  under  which  Lascars  may 
be  employed  ;  and  some  forms  of  Proceedings  before  Magistrates.  By  E.  W.  Symonds,  Esq. 
Chief  Clerk  of  the  Thames  Police  Court.  Third  Edition.  12mo.  5,.  cloth. 

TATE.— THE  CONTINUOUS  HISTORY  OF  THE  LIFE  AND  WRITINCS  OF 

ST.  PAUL,  on  the  basis  of  the  Acts  ;  with  Intercalary  Matter  of  Sacred  Narrative,  supplied 
from  the  Epistles,  and  elucidated  in  occasional  Dissertations:  with  the  Horae  Pauliiiie  of 
Dr.  Paley,  in  a  more  correct  edition,  subjoined.  By  James  Tate,  M.A.  Svo.  Map,  13*.  cloth. 


WORKS  AND  NEW  EDITIONS 


ES  B.) — MARGARET ; 

Charles  B.  Tayler,  M. A.  Rectorof  St.  Peter’s,  Chester,  author 
the  World;”  etc.  New  Edition.  Foolscap  8vo.  6s.  cloth. 

IS  B.)— LADY  MARY;  OR,  NOT  OF  THE  WORLD. 

r,  Rectorof  St.  Peter’s,  Chester;  author  of  “  Margaret,  or  the 
Foolscap  Svo.  with  a  Frontispiece  engraved  by  J.  Absolon, 

JESUITISM. 

[In  the  Autumn. 

HOP  JEREMY  TAYLOR’S  ENTIRE  WORKS: 

aer.  Revised  and  corrected  by  the  Rev.  Charles  Page  Eden, 
rd.  Vol.  II.  (the  first  in  the  order  of  publication)  contains  the 
tne  Holy  Living  and  Dying;  Vol.  IV.  a  Course  of  Sermons  for  all 
8vo.  10s.  fid.  each,  cloth. 

Ten  Volume),  price  10s.  6d.  each.  Vol.  V.  containing  the 
idy. 


HISTORY  OF  CREECE. 

ird  Bishop  of  St.  David’s.  A  new  Edition,  revised;  with  Notes, 
with  Maps,  12s.  each  cloth.  To  be  completed  in  8  volumes. 

[Vol.  V.  is  nearly  ready. 

n  in  S  vols.fcap.  8 vo.  with  Vignette  Titles,  21.  8s.  cloth. 

IS. 

jsopliical,  Classical,  Historical,  and  Biographical,  by  AnthonyTodd 
Professor  of  Materia  Medica  and  Therapeutics,  and  of  Forensic 
College,  Loudon,  etc.  Fcap.  Svo.  7s.  6d.  cloth. 


IS. 

y,  Esq.  Illustrated  with  Seventy-seven  Designs  drawn  on  Wood  by 
cching  Club.  Engraved  by  Thompson  and  other  eminent  Engravers, 
jiform  with  “ Goldsmith’s  Poems,”  21s.  cloth;  bound  in  morocco,  by 


ERIMENTAL  RESEARCHES  ON  THE  FOOD  OF  ANIMALS, 

l'ENING  OF  CATTLE:  with  Remarks  on  the  Food  of  Man.  By  Robert 
i,  M.D.  of  the  University  of  Glasgow.  Fcap.  8vo.  5s.  cloth. 


jf  the  oriyin  of  the  fat  of  animals  appears  to  be  completely  resolved  by 
rid  elaborate  experiments.  — Baron  Liebig. 


(JOHN).— TABLES  OF  INTEREST, 

Four,  Four-and-a-half,  and  Five  per  Cent.,  from  One  Pound  to  Ten  Thousand, 
.1  One  to  Three  Hundred  and  Sixty-five  Days,  in  a  regular  progression  of  Single 
with  Interest  at  all  the  above  Rates,  from  One  to  Twelve  Months,  and  from  One  to 
tears.  Also,  Tables  shewing  the  Exchange  on  Bills,  etc.  etc.  etc.  By  John  Thomson, 
ouutant.  New  Edition.  12mo.  8*.  bound. 


tOMSON.-THE  DOMESTIC  MANAGEMENT  OF  THE  SICK  ROOM, 

Necessary,  in  Aid  of  Medical  Treatment,  for  the  Cure  of  Diseases.  By  Anthony  Todd 
TJhomson,  M.D.  F.L.S.  etc.  New  Edition.  Post  Svo.  10».  fid.  cloth. 

TISCHENDORFF.— TRAVELS  IN  THE  EAST. 

By  Constantine  Tischendorff,  Editor  of  the  “  Codex  EphramiRescriptus,”  “  Codex Friderico* 
Augustanus,"  etc.  Translated  from  the  German  by  VV.  E.  Shuckard.  16mo.  6 s.  fid.  cloth. 

TOMLINE  (BISHOP).— AN  INTRODUCTION  TO  THE  STUDY  OFTHEBIBLE: 

Being  the  First  Volume  of  the  Elements  of  Christian  Theology  ;  containing  Proofs  of  the 
Authenticity  and  Inspiration  of  the  Holy  Scriptures  ;  a  Summary  of  the  History  of  the  Jews  ; 
an  Account  of  the  Jewish  Sects  ;  and  a  brief  Statement  of  the  Contents  of  the  several  Books 
of  the  Old  Testament.  By  the  late  George  Tomline,  D.D.F.R.S.  New  Edition.  Foolscap  8vo. 
5s.  6 d.  cloth. 

TOOKE.— THE  HISTORY  OF  PRICES; 

With  reference  to  the  Causes  of  their  principal  Variations,  from  1792  to  the  Present  Time. 
Preceded  by  a  Sketch  of  the  History  of  the  Corn  Trade  in  the  last  Two  Centuries.  By 
Thomas  Tooke,  Esq.  F.R.S.  3vols.8vo.  21.  8s.  cloth. 

TOOKE.— THE  HISTORY  OF  PRICES, 

And  of  the  State  of  the  Circulation,  from  1839  to  1847,  inclusive:  with  a  General  Review 
of  the  Currency  Question,  and  Remarks  on  the  Operation  of  the  Act  7  and  8  Viet.  c.  32 : 
being  a  continuation  of  ‘‘The  History  of  Prices  from  1792  to  1839.”  By  Thomas  Tooke,  Esq. 
F.R.S .  Svo,  18s.  cloth. 
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TOPH AM.— CHEMISTRY  MADE  EASY. 

For  the  Use  of  Agriculturists.  By  John  Topham,  A.M.  Rector 
Witton,  and  St.  Nicholas,  Droitwich.  New  Edition.  lGmo.2s.  s 

TOWNSEND  (CHARLES).— THE  LIVES  OF  TWELVF 

OF  THE  LAST  AND  OF  THE  PRESENT  CENTURY.  By  W  J 
A.M.  Recorder  of  Macclesfield,  author  of  “Memoirs  of  the  Ho 
8vo.  28*.  cloth. 

TURNER.— THE  SACRED  HISTORY  OF  THE  WOR' 

Attempted  to  be  Philosophically  considered,  in  a  Series  of  Le  « 

Turner,  F.S.A.  and  R.A.S.L.  Eighth  Edition,  edited  by  the  ' 
post  Svo.  31*.  6 d.  cloth . 

TURNER.— THE  HISTORY  OF  ENCLAND, 

From  the  Earliest  Period  to  the  Death  of  Elizabeth.  By  Sharon' 

New  Editions.  12  vols.  Svo.  81.  3*.  cloth ;  or,  separately — 

THE  HISTORY  of  the  ANGLO-SAXONS.  3  vols.  8vo.  2f.  5*. 

THE  HISTORY  of  ENGLAND  during  the  MIDDLE  AGES.  t- 
THE  HISTORY  of  the  REIGN  of  HENRY  VIII.  2  vols.  8vo. 

THE  REIGNS  of  EDWARD  VI.,  MARY,  and  ELIZABETH. 

TURTON’S  (DR.)  MANUAL  OF  THE  LAND  AND  FRt 

THE  BRITISH  ISLANDS.  A  new  Edition,  thoroughly  revis< 

Edward  Gray.  Post  Svo.  with  Woodcuts,  and  12  coloured  Plate. 

TWELVE  YEARS  AGO  : 

A  Tale.  By  the  Author  of  “  Letters  to  My  Unknown  Friends.” 

TWISS.— ON  THE  RELATIONS  OF  THE  DUCHIES  O; 

HOLSTEIN  TO  THE  CROWN  OF  DENMARK  AND  THE  GER 
TION,  and  on  the  Treaty-Eugagements  of  the  Great  European  Pow 
By  Travers  Twiss,  D.C.L.  F.R.S.,  Fellow  of  University  College,  O 
Doctors  Commons.  8vo.6s.  6d.  cloth. 

TWISS.— VIEW  OF  THE  PROCRESS  OF  POLITICAL  » 

EUROPE  SINCE  THE  SIXTEENTH  CENTURY;  being  a  Course  of* 
before  the  University  of  Oxford,  in  Michaelmas  Term  1S46,  and  Leut 
Travers  Twiss,  D.C.L.  F.R.S.  Professor  of  Political  Economy,  and  Felloi 
College,  Oxford.  8vo.  10*.  6rf.  cloth.  \ 

URE.— DICTIONARY  OF  ARTS,  MANUFACTURES,  AND  MINES: 

Containing  a  clear  Exposition  of  their  Principles  and  Practice.  By  Andrew  L 
F.R.S.  M.G.S.M.A.S.  Lond.;  M.  Acad.  N.S.  Philad.;  S.  Ph.Soc.  N.  Germ.  Hanov. , 
etc.  etc.  3d  Edition,  corrected.  8vo.  with  1,240  Woodcuts,  50*.  cloth. 

By  the  same  Author, 

SUPPLEMENT  OF  RECENT  IMPROVEMENTS.  2d  Edition,  8vo.  14*.  cloth, 

VON  ORLICH  (C APT.)— TRAVELS  IN  INDIA, 

And  the  adjacent  Countries,  in  1842  and  1843.  By  Capt.  Leopold  Von  Orlich.  Translated 
from  the  German  by  H.  Evans  Lloyd,  Flsq.  2  vols.  8vo.  with  coloured  Frontispieces,  and 
numerous  Illustrations  on  Wood,  25*.  cloth. 

WALFORD  (J.  E.)— - THE  LAWS  OF  THE  CUSTOMS, 

Compiled  by  Direction  of  the  Lords  Commissioners  of  Her  Majesty’s  Treasury,  and  pub¬ 
lished  under  the  Sanction  of  the  Commissioners  of  Her  Majesty’s  Customs;  with  Notes  and 
a  General  Index.  Edited  by  J.  G.  Walford,  Esq.  Solicitor  for  the  Customs.  Printed  for  Her 
Majesty’s  Stationery  Office,  and  published  by  Authority.  8vo.  10*.  6 d.  cloth. 

WALKER.— ELEMENT  A  LITURCICA  ; 

Or,  the  Churchman’s  Primer,  for  the  Scholastic  Study  of  the  Book  of  Common  Prayer.  By 
G.  A.  Walker,  A.M.,  of  Christ  College,  Cambridge.  New  Edition,  entirely  rearranged  and 
considerably  enlarged.  Fcap.  8vo.  4*.  6d.  cloth. 

WALKER  (GEO.)— CHESS  STUDIES  : 

Comprising  1,000  Games  actually  Played  during  the  last  Half  Century ;  presenting  a  unique 
Collection  of  Classical  and  Brilliant  Specimens  of  Chess  Skill  in  every  stage  of  the  Game, 
and  forming  an  Encyclopmdia  of  Reference.  By  George  Walker.  8vo.  10*.  G d.  sewed. 
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ES  ON  THE  PRINCIPAL  POINTS  OF  THE  SOCINIAN 

'  of  God,  and  the  Trinity  of  Persons  in  the  Godhead— the  Supreme 
e  Doctrine  of  the  Atonement, — the  Christian  Character,  etc. 
, !.'  ew  Edition.  8vo.  15s. cloth. 

Vt  >N  NATURAL  HI5TORY, 

Diaries  YVaterton,  Esq.,  author  of  “Wandering’s  in  South 
raphy  oftheAuthor,  and  a  View  of  Walton  Hall.  New  Edition. 

itinuation  of  Mr.  Waterton’s  Autobiography.  New  Edition. 
\  Creswick,  A.R.A.  6s.  6d.  cloth. 

OP^EDIA  OF  DOMESTIC  ECONOMY  ; 

are  most  immediately  connected  with  Housekeeping!  as, 
ic  Edifices,  with  the  Modes  of  Warming,  Ventilating,  and 
of  the  various  Articles  of  Furniture,  with  the  Nature  of  their 
,  etc.  etc.  By  Thomas  Webster,  F.G.S.,  etc.  etc.;  assisted 
v  Edition.  8vo.  with  uearly  1,U00  Woodcuts,  50s.  cloth. 

INTRODUCTION  TO  THE  MODERN  CLASSIFI- 

ndedon  the  Natural  Habits  and  comparative  Organisation  of 
J.  O.  Westwood,  F.  L.  S.  etc.  2  vols.  8vo.  with  numerous 

PRACTICAL  VIEW  OF  THE  PREVAILING 

PROFESSED  CHRISTIANS,  in  the  Higher  and  Middle 
rsted  with  Real  Christianity.  By  William  Wilberforce,  Esq. 
few  Editions.  8vo.  8s.  boards.  12mo.  4s.  Gd.  cloth. 

/F  THE  BIBLE  VISITED  AND  DESCRIBED, 

idertaken  with  special  reference  to  the  Promotion  of  Biblical 
rent  of  the  Cause  of  Philanthropy.  By  John  Wilson,  D.D.  F.R.S. 
e  Bombay  Branch  of  the  Royal  Asiatic  Society,  etc.  2  vols".  Svo." 
Illustrations,  If.  16s.  cloth. 

DY)— SO  MUCH  OF  THE  DIARY  OF  LADY  WIL- 

es  to  her  Domestic  History,  and  to  the  Eventful  Period  of  the 
res  the  First  (1635  to  1648) .  Produced  in  the  style  of  the  period  to  which 
rs.  New  Edition.  Square  foolscap  8vo.  8s.  boards;  or  18s.  bound 
Hay  day). 

/  (LADY).— SOME  FURTHER  PORTIONS  OF  THE  DIARY 

ILLOUGHBY,  which  do  relate  to  her  Domestic  History,  and  to  the  Stirring 
.e  latter  years  of  the  reign  of  King  Charles  the  First,  the  Protectorate,  and  the 
a  (1648  to  1663).  New  Edition.  Square  foolscap  8vo.  8s.  boards  ;  morocco,  18a. 
y  llayday). 

.11  (J.  W.)— THE  HORSE  IN  HEALTH  AND  DISEASE: 

Suggestions  on  his  Natural  and  General  History,  Varieties,  Conformation,  Paces,  Age, 
iundness,  Stabling,  Condition,  Training,  and  Shoeing.  With  a  Digest  of  Veterinary 
Practice.  By  James  VV.  Winter,  M.R.C.V.S.L.  Svo.  10s.  6<f.  cloth. 

AOOD.-A  PRACTICAL  TREATISE  ON  RAILROADS, 

And  Interior  Communication  in  General;  containing  numerous  Experiments  on  the  Powers 
of  the  Improved  Locomotive  Engines,  and  Tables  of  the  comparative  Cost  of  Conveyance 
on  Canals,  Railways,  and  Turnpike  Roads.  By  Nicholas  Wood,  Memb.  Inst.  Civ.  Eng.  etc. 
3d  Edition.  Svo.  with  Plates  and  Woodcuts,  31s.  6rf.  cloth. 

WOODWARD.— ESSAYS  AND  SERMONS. 

By  the  Rev.  Henry  Woodward,  M.A.,  formerly  of  Corpus  Christi  College, Oxford,  Rector  of 
Fethard,  in  the  Diocese  of  Cashel.  New  Edition.  2  vols.  fcap.Svo.  14s.  cloth. 

WOODWARD.— A  SEQUEL  TO  THE  SHUNAMMITE: 

Being  a  Series  of  Reflections  on  2  Kings  iv.  17-35.  By  the  Rev.  Henry  Woodward,  M.A., 
Rector  of  Fethard,  in  the  Diocese  of  Cashel,  and  formerly  of  Corpus  Christi  College,  Oxford. 
F’cap.  8vo.  6s.  cloth. 

ZUMPT  (PROF.)— A  GRAMMAR  OF  THE  LATIN  LANGUAGE. 

By  C.  G.  Zumpt,  Ph.  D.  Professor  in  the  University,  and  Member  of  the  Royal  Academy  of 
Berlin.  Translated  from  the  9th  Edition  of  the  original,  and  adapted  to  the  use  of  English 
Students,  by  Leonhard  Schmitz,  Ph.  D.,  Rector  of  the  High  School  of  Edinburgh;  with 
numerous  Additions  and  Corrections  by  the  Author.  New  Edition.  Svo.  14s.  cloth. 
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